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The following officers were elected for the year 1944-45: 
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MacCarthy—W. F. Prouty. 
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and E. T. Browne continues as Permanent Secretary. 





SCLEROTIAL DISEASE OF FLAX CAUSED PRIMARILY BY 
SCLEROTINIA SCLEROTIORUM (LIB.) MASSEE 


By H. P. Vannan, Cuas. Ray, Jr.,} anp F. A. WoLF* 
Puates 53-57 


The fungus, Sclerotinia sclerotiorum, is essentially world wide in distribution 
and is quite omnivorous in food habits. The literature on this organism, more- 
over, has become so voluminous that one is indeed reluctant to make further 
addition to it. However the possible effects this disease may have upon Linum 
usitatissimum L., an essential seed and fibre crop of the United States, is con- 
sidered to justify fully this additional information. 

Although this fungus has come to be known as an important pathogen on 
many species of wild and crop plants, little attention has been given it as a 
cause of disease on flax. All published information bearing on its pathogenicity 
to this crop is contained in four brief accounts, one by Pethybridge and his 
associates (1922), another by Parievskaya (1931), and two by Pady (1944). 
The former investigators mentioned the incidence of this organism on flax 
in Ireland, but they identified it as Sclerotinia libertiana Fckl. As emphasized 
by Wakefield (1924) however, the binomial S. libertiana, although widely used, 
should be relegated to synonomy in favor of S. sclerotiorum’ In 1929, Pari- 
evskaya (1931) noted a wet or white rot of flax growing in fields near Moscow, 
Russia, that was so serious in some instances as to involve about 40 per cent 
of the crop. She, too, identified the pathogen as S. libertiana from a study 
of the apothecial stage that she found in fields in which diseased flax had occurred 
in the previous season. Pady (1944) found S. sclerotiorum attacking the root 
and crown of small to larger, or almost full-grown flax plants in a field near 
La Feria, Texas, during January and February, 1944. He found the sclerotia 
embedded in the root tissue, forming spherical bodies just beneath the epidermis. 
The number of sclerotia ranged from one to four per plant, and they appeared 
to be confined to the underground parts. 

Our own observations, that follow, deal with the incidence of the disease 
in fields near Holtville, California. Here, during the summer of 1943, it attracted 
the attention of field representatives of the California Central Fibre Corporation, 
Pisgah Forest, N. C. (Vannah, 1944). They noticed some fields with areas 
in which the flax had lodged and the stems were broken. Because “‘stem break”’ 
was such a prominent symptom, it was inferred that the disease was the well- 
known “stem break’”’ caused by Polyspora lint Lafferty. However, after further 
examination of diseased plants sent to the laboratories of the California Central 


1 Director and Geneticist, respectively, Plant Research Department, California Central 
Fibre Corporation, Pisgah Forest, N. C. 

? Botanist, Duke University, Durham, N. C. 

3 Prof. H. H. Whetzel, Cornell University, Ithaca, N. Y., verified our identification of 
Sclerotinia sclerotiorum, and we extend herewith our thanks for this help. 
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Fibre Corporation, the causal fungus proved instead to be Sclerotinia sclero- 
tiorum; its mycelial and sclerotial stages were found abundantly inside the 
stems. It, therefore, seemed advisable to give further consideration to the 
pathogenicity and development of this fungus and to its effect on flax because 
(1) flax straw constitutes an essential raw material from which paper for cig- 
arettes is manufactured and because (2) at the time of finding this incidence 
of the disease, Sclerotinia sclerotiorum had not been recorded previously on flax 
within the United States. Its importance to the manufacturers of cigarette 
paper centers around the probability that a disease of this sort could be antic- 
ipated to occasion profound changes in flax straw by modifying both yield and 
quality of the fibre. Its importance to plant pathologists and to flax growers 
in this country centers around its novelty, whether it will become a widely 
destructive disease, and whether changes in current agronomic practices can 
be employed in efforts to combat this sclerotial disease. 


APPEARANCE OF AFFECTED FLAX 


The symptom complex of most prominence in the field is the occurrence of 
patches in which the plants are lodged and broken. Affected stems, when bent, 
instead of being capable of responding to the stresses by becoming hinge-like, 
as do healthy ones, become completely severed, or else only the axial elements 
break and the top portion then dangles, being attached by strands of fibres. 
The portions that break off constitute two-thirds or more of the entire stem 
length. Affected stems are generally lighter colored than are healthy ones. 

Of even better diagnostic value is the incidence of as many as one per cm. 
of stem length, of hard, black, cylindrical sclerotia within the pith cavity. 
These sclerotia may escape detection unless affected stems are cut lengthwise 
to expose them. Under direct illumination they may be readily seen inside 
affected stems (Fig. 6), provided such stems have been steeped previously in 
a weak aqueous solution of NaOH and thus rendered translucent. These scle- 
rotia vary in length from 2-10 mm. and in diameter from 1-2 mm. (Fig. 7). 

Other features exhibited by diseased plants is that their stature is less than 
that of normal ones, their root systems are impaired by the killing and decay 
of the smaller roots, and the yield of seed is lowered. Our examinations reveal 
that the seed from affected plants may be less plump. Effects on the seed are 
shown too by weighing tests which reveal normal seed to be 20-25 per cent 
heavier than those from diseased plants. According to Pady (1944), spherical 
sclerotial bodies may be produced just below the root epidermis. This evidence 
of disease on the roots has not been noted by us either in fields or in plants 
grown in artificially infested soils in the greenhouse. 


DEVELOPMENT OF THE PATHOGEN 


In his “Comparative Morphology” (1887) and in a series of classical studies 
that were published in 1886, de Bary correctly recorded the essential features of 
the morphology and development of Sclerotinia sclerotiorum. His studies 
show that this organism is a true Sclerotinia. Little fundamental information 
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that is novel has been added subsequently in the numerous reports about this 
organism and about the diseases that it induces, as in reports by Smith (1900, 
1931), Stevens and Hall (1911), Smith (1916), Stevens (1911), Davis (1925), 
and Coe (1944). 

Sclerotinia sclerotiorum may be said to have two phases or stages in its cycle 
of development, a vegetative stage and a fruiting stage. ‘The former is consti- 
tuted of mycelium by means of which the suscept is invaded, and of sclerotia 
by means of which the organism hibernates. The latter, the fruiting stage, 
is constituted of the discs or apothecia that arise from the sclerotia and that 
produce spores from which the vegetative stage is again initiated. 


Vegetative stage 

The mycelium of S. sclerotiorum in flax is intercellular. Middle lamellae 
are dissolved in advance of hyphal tips. This is best noted from examination 
of diseased seedlings if affected tissues have been fixed, sectioned, and stained 
properly. At no stage of the disease are copious, loose, white mycelial masses 
produced at the plant surface as is characteristic of this fungus on cabbage 
and lettuce. The locus of sclerotial production in the stems of flax appears, 
from our observations, to be confined to the pith cavity, at least none has been 
seen external to them. The sclerotia there are cylindrical in shape and have 
rounded ends. They have the appearance of fecal pellets of mice (Figs. 7, 10, 
11, & 12). Their shape is a result of the inelasticity of the stem walls that 
continue to exert pressure upon the sclerotia during their development. Within 
such thin-stemmed plants as Zinnia elegans Jacq., Petunia violacea Lindl., 
and P. nyctaginiflora Juss., de Bary (1886) described the mature sclerotia as 
having the appearance of “Mausedreck.” He pointed out however that the 
sclerotia of this same fungus when formed at the surface of bean, Phaseolus 
vulgaris L., and carrot, Daucus carota L., are cushion-shaped. 

Sclerotia when removed from inside flax stems and planted with aseptic 
precautions on potato dextrose agar, give rise promptly to a loose cottony 
mycelium. The constituent hyphae of this mycelium are much branched and 
each successive branch tends to be smaller than the hypha from which it arose 
(Fig. 2). New cushion-shaped sclerotia will have formed in such cultures within 
a week (Fig. 9). If the cultures are grown in large flasks, the sclerotia may be 
arranged in concentric circles, as was noted also by de Bary (1886). In section, 
mature sclerotia from flax are seen to possess a rind whose cells are thick-walled 
and dark, and tend to be isodiametric. The medullary portion is white en masse, 
however, and consists of densely interwoven hyphae, but with interposed spaces. 
These features agree with those described and illustrated for this organism 
by de Bary (1887). 

Contact of mycelium with the glass walls of culture tubes, petri dishes or 
flasks stimulates the development of dark colored organs of attachment called 
appressoria (Figs. 4&5). Each hyphal tip, on coming in contact with the glass, 
branches repeatedly to become fan-shaped. Then as the result of segmentation 
and growth, the constituent elements become rounded cells arranged in bead- 
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like series. In cultures, crystals of calcium oxalate are produced abundantly 
both along the hyphae and throughout the medium. The production of these 
crystals, according to de Bary (1886), is conditioned by the presence of calcium 
in the medium and of oxidative products derived from sugars. 


Fruiting phase 

AJl the evidence in hand indicates that sclerotia of S. sclerotiorum remain 
dormant for an indefinite period. Typically, however, they give rise to apo- 
thecia during the year succeeding that in which they were produced. Under 
favorable conditions, as in old cultures, they may remain viable for as long a 
period as three years (de Bary, 1886). 

There is little definitely known of the proximate causes that incite the breaking 
of dormancy in sclerotia. To induce apothecial development from sclerotia 
taken from the interior of flax stems, such sclerotia were buried in sand in 
flower pots during late autumn. The pots were kept on a laboratory table 
and were moistened at irregular intervals. Examinations were made from time 
to time to find evidences of breaking of dormancy. Finally in March it was 
noticed that a sparse weft of mycelium had enveloped the sclerotia and sur- 
rounding particles of sand. By direct microscopic examination, it was found 
that masses of spherical spermatia were being produced from bottle-shaped 
lateral branches of this enveloping mycelium (Fig. 1). These spermatia un- 
doubtedly function in conjunction with the primordia of sporocarps which are 
produced coincidentally within the sclerotia. De Bary (1887) states that these 
primordia (ascogonia) exist prior to any external evidence of apothecia, that 
they appear in large numbers as spherical bodies 70-100 uw in diameter, and 
that they are located just beneath the black sclerotial rind. Each primordium 
originates from medullary hyphae that branch to form a coil of filaments, the 
ascogenous hyphae. Shortly thereafter, commencement of the formation of 
the apothecia is apparent just. exterior to the primordia. Conical protrusions 
first appear that become stalk-like, and within a few days the trumpet-shaped 
apothecia will have developed by extension and expansion of the tips of these 
stalks (Fig. 3). De Bary (1887) also indicated that he was unable to prove 
a connection between the coil and the ascogenous portion of the apothecia. 
Evidence for the existence of such connection, however, arises from our exam- 
ination of sectioned and stained apothecia. The youngest specimens used 
were short conical protrusions from the sclerotia and the oldest were cups having 
mature asci. The medullary portion of these stalks contain throughout their 
length a tangle of deeply staining hyphae that terminate in crosiers from which 
the asci arise. 

The likelihood of the essentiality for fertilization in S. sclerotiorum of spermatia 
and of ascogonial hyphae within the primordia, and of the interaction of these 
sexual elements for subsequent development of the apothecia finds support 
from the results of studies of Sclerotinia gladioli (Massey) Drayton. Drayton 
(1934) demonstrated that the coiled ascogonial hyphae of S. gladioli occur within 
receptive bodies and that the latter developed into apothecia only when sper- 
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matized with compatible microconidia (spermatia). Prior to these studies 
by Drayton, mycologists generally held that the spermatia of species of Scle- 
rotinia are non-functional. Their opinions are typified by the statement (Smith, 
1931), ‘““That they (spermatia) have an important function, however, in the 
reproduction of the fungus (Sclerotinia sclerotiorum) is extremely doubtful.” 

Sclerotia that developed in culture on potato dextrose agar when buried in 
moist sand and kept at a temperature of about 70° F. produced apothecia after 
an interval of six weeks. These apothecia were larger than those produced 
under the same conditions from cylindrical sclerotia. From these results it 
may be concluded that the apothecia of S. sclerotiorum are variable in size 
depending in part upon the size of sclerotia and the depth to which the sclerotia 
are buried. Such small sclerotia as those formed inside flax stems produce 
discs 2-3 mm. in diameter and their stipes have a length of approximately 10 
mm. The apothecia are pale brown, the basal portion of the stipes being dark 
brown. The dimensions of the asci are 123-135 x 8-10zn. The ascospores 
are hyaline and ellipsoidal, measuring 9-13 x 6.54. They are arranged uni- 
seriately, and their long axis is oblique to that of the asci. Average dimen- 
sions of asci and ascospores, given by Coe (1944), obtained by measurement 
of single spore isolates, are 117.39-150.42 x 6.90-8.971 and 11.56-14.40 x 
5.66-9.02u, for normal asci and ascospores, respectively, and 117.30-154.56 
x 6.90-8.974 and 11.33-14.16 x 6.37-7.32y for aberrant asci and ascospores, 
respectively. 


PATHOGENICITY 


In tests to determine pathogenicity of the flax fungus, use was made of “soil 
biscuits” as inoculum. Soil biscuits consisted of a mixture of equal volumes 
of corn meal and sand with sufficient water added to permit molding of the 
mixture into globular masses. The soil biscuits were then placed in flasks 
and steam-sterilized. Into each of these soil biscuits was inserted a sclerotium 
taken from the interior of flax stems. Within a week growth had progressed 
to the extent that the mycelium had thoroughly permeated the soil biscuits, 
had enveloped them with a loose mantle, and sclerotia had begun to form at 
the surface (Fig. 8). After an additional period of two or three days these 
sclerotia had matured. The soil biscuits were then crumbled with unfertilized 
Toxaway silt loam soil and layered at the surface of flower pots which had been 
painted on the exterior with asphaltum. Above this layer of infested soil 
was applied sufficient soil to cover the flax seed to a depth of about three-quarters 
inch. Adequate moisture was supplied by placing the pots in a pan in which 
water was maintained at a depth of one-quarter inch. These plantings were 
made in duplicate in early spring. In one set of six pots, thus inoculated and 
planted with 150 flax seeds, 43 seedlings had emerged but only 22 of them re- 
mained alive at the end of the tenth day. All others that may have germinated 
had been killed prior to emergence. Six control pots similarly planted with 
150 seeds produced 117 healthy seedlings. 

Figures 13, 14, 15, show a set of such pots on the 12th day after seeding with 
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the varieties Rio, Punjab, and Moose, respectively. In each case the uninuc- 
ulated check pot is at the right. 

In Figures 16, 17, 18 are shown these same pots as are pictured in Figs. 13 
14 and 15, 2} months after seeding. In addition, the row of pots at the center 
of Figures 16, 17, and 18 are the same varieties planted in similar soil to which 
a soil biscuit culture of Polyspora lint had been added 2} months before. The 
comparative pathogenicity of S. sclerotiorum and P. lini is thus shown and also 
it appears that Moose flax possesses a degree of resistance to the latter fungus. 
Similar comparative pathogenicity tests were made with Sphaerella linorum 
(Naoum.) Wr. by use of inoculum grown on soil biscuits. Its effects on Koto 
flax are shown in Fig. 22, and on Viking flax in Fig. 23. The uninoculated 
check pots are at the left in each instance, and this photograph was likewise 
taken 24 months after inoculation. 

Seedlings that succumbed to S. sclerotiorum were appropriately disinfected, 
and tissues were planted on potato dextrose agar plates. From such plates 
the pathogen was recovered in pure culture. 

In another similar test there were 40 apparently healthy seedlings, at the end 
of ten days, from 75 seeds sown in infested soil. These experiments together 
leave no doubt that S. sclerotiorum is pathogenic to flax but give no indication 
why some seedlings remained apparently healthy when grown in infested soil. 
One of two surviving plants of Rio on S. sclerotiorum infested soil is setting seed. 
This seed will be saved and planted into newly infested soil to ascertain whether 
genetic resistance is a factor in the survival of these plants. 

Another experiment, using Punjab, Viking, and Argentine flax, was made in 
the greenhouse during the summer months. For these tests portions of the S, 
sclerotiorum and of the P. lini infested soil were removed from the pots used 
in the first plantings described above, mixed separately with fresh sterilized 
soil from the same source, put into pots as described above, planted and supplied 
with moisture by sub-irrigation as before. The plantings were made in duplicate. 
The seedlings have shown good emergence and insignificant losses of stand. 
At about one month after planting leaf color was somewhat abnormal in plants 
in inoculated soils but they appeared entirely normal otherwise. A series of 
these plantings is shown in Figs. 19, 20, and 21. The uninoculated control 
pots are at the left in each case, those inoculated with Polyspora lini are at the 
center, and those with Sclerotinia sclerotiorum at the right. The good emergence 
and survival of the seedlings in this planting is somewhat puzzling. One ex- 
planation might be that S. sclerotiorum was not pathogenic in the absence of 
flax debris or some suitable nutrient material. In support of this explanation 
is the conclusion of Lafferty (1921), “There is no evidence at present, at any 
rate, that the fungus (Polyspora lini) can live as a saprophyte in the soil; nor 
is there any evidence that infection of the crop comes from the soil.” More 
probably the high mortality of seedlings that result from inoculations made 
in the spring and the low mortality from inoculations made in the summer is 
a direct effect of temperature on the pathogen. At least S. sclerotiorum and 
closely related species are well known to be most active in early spring. 
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Under the conditions of the present experiments the comparative pathogenicity 
trials show that Sclerotinia sclerotiorum is about three times more destructive 
to flax seedlings than is Polyspora lini, on the basis of results with the three 
flax varieties used, and is eight times more destructive to seedlings than is 
S. linorum, so far as the two flax varieties used in that test are concerned. This 
conclusion is based upon the per cent survival of plants under the conditions 
of growth of the plantings made in the greenhouse in spring. 


EPIDEMIOLOGY 


A survey of the literature on studies dealing with the relationship of factors 
that contribute to outbreaks of disease by S. sclerotiorum reveals that the problem 
is complex and remains largely unknown. The contact of the pathogen with 
a susceptible host does not constitute all that is essential to the development 
of disease. Smith (1931) found that the fungus developed profusely on flowers 
of fruit trees and annual plants collected in central California and placed in 
moist chambers during the period February 15 to June 15. Flowers in nature, 
however, of these same species exhibited no evidences of disease. Nor did green 
rot of apricots develop in 1929 and 1930, even though the fungus was present, 
presumably as spores, on vegetation generally. 

De Bary (1886) concluded that infection takes place best not from hyphae 
formed directly from ascospores but from hyphae produced after growth on 
dead plant substance. This conclusion finds support in the experiments of 
Ste-ens (1911) with lettuce drop, of Smith (1916) with “cottony rot” of lemons, 
and of Davis (1925) with drop of cabbage. No explanation is forthcoming by 
any of these investigators why the ascospores first form a saprophytic mycelium 
that in turn forms other mycelium which somehow acquires possession of the 
power to infect, by contact. 

Air-borne conidia constitute the inoculum for the initiation and wide-spread 
dissemination of many pathogenic species of fungi. There is abundant ev- 
idence that S. sclerotiorum, however, does not possess a conidial stage of the 
Botrytis type or of any other kind. Consequently, outbreaks of the disease 
under consideration herein cannot be ascribed to a conidial stage. The fact 
remains, however, that a green rot of apricots and almonds does occur in Cal- 
ifornia, that the inoculum for such outbreaks must be air-borne, and that there 
exists no known air-borne stage of S. sclerotiorum, except ascospores (Smith, 
1931). These facts suggest that this fungus is adaptable and that its life history 
may vary according to the suscept species that it attacks. 

Whether there exists a relationship between the kind of crops grown in a 
given field and the incidence of sclerotial disease of flax is not apparent from’ 
our observations. One field under our observation was cropped with lettuce 
and melons in 1932-1934, with Milo corn in 1935, with alfalfa in 1936-1941, 
with barley in 1942, and with flax in 1943. Another field was planted with let- 
tuce, melons, and other vegetables, in 1932-1933, barley in 1934, Milo corn in 
1935-1937, alfalfa in 1938-1942, and flax in 1943. 

It has been shown repeatedly that sclerotia can persist in the soil from one 
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season to the next yet little is known about how long they remain intact and 
viable in this habitat. The fact that they do persist in nature seems sufficient 
to account for soil infestation for indefinite periods. Chances of persistence 
in the soil are enhanced because sclerotia of S. sclerotiorum may form new myce- 
lium and from it, in turn, new sclerotia may arise, thus increasing the number 
of sclerotia in a given soil area, according to studies on the cottony rot disease 
of lemons made by Smith (1916). 

Since the outbreak of many diseases is known to be correlated with partic- 
ular weather conditions it may be presumed that the damage to flax grown in 
infested soils will be inconsequential in some seasons and very important in 
others. 


EFFECT OF THE FUNGUS ON FIBRE YIELD AND QUALITY 


As might be anticipated, this sclerotial disease induces marked changes in 
flax tissues and thus modifies both the yield and quality of fibre. This mod- 
ificatory effect is shown by a test in which a 92 gm. sample of straw from a 
diseased crop was decorticated according to the methods used in preparing flax 
fibre for making cigarette paper. From this sample 31 gm. of tow were ex- 
tracted. This lot of tow contained 39.44 per cent of pure fibre which was short 
and weak. To compute the percentage of fibre recovered on the basis of the 
original weight of the straw used, it was assumed that half of the sample con- 
sisted of diseased straw. On this basis the yield of chemically treated fibre 
was 12.63 per cent, whereas a similar sample of normal straw yielded 15.30 
per cent. The per cent fibre of a completely diseased sample was 9.96. The 
efficiency of recovery of fibre in mechanically decorticating the straw, probably 
half of which was diseased, was 60.5 per cent; that from normal straw always 
closely approximates 85 per cent. 


SUMMARY 

This report deals with a sclerotial disease of flax, caused primarily by Scle- 
rotinia sclerotiorum, found in fields near Holtville, California. This disease 
is of interest because flax fibre is used to manufacture cigarette paper and 
because it had not been reported on flax within the United States previous to 
the initiation of these studies. Both the yield and quality of seed and fibre 
from affected flax are very materially lower than from normal plants. 

In the field, the disease may be recognized by lodging of plants in patches 
and by breaking of the stems. Under these conditions the presence of dark 
cylindrical sclerotia inside the pith cavity enables one, with certainty, to make 
a diagnosis. 

Sclerotinia sclerotiorum has been isolated in pure cultures by placing sclerotia 
on potato dextrose agar. In such cultures appressoria and cushion-shaped 
sclerotia typical of species of true sclerotinias are produced. 

If cylindrical sclerotia or cushion-shaped ones are buried in sand that is 
moistened occasionally, apothecia are produced. These apothecia and their 
asci and ascospores are like those of S. sclerotiorum. 
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Pathogenicity of S. sclerotiorum to flax was demonstrated. To do this, soil 
was artificially infested. Seedlings grown in such soil succumbed, and from 
them the pathogen was recovered in pure culture. Polyspora lini and Sphaerella 
linorum in similar tests proved less destructive than S. sclerotiorum. 
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EXPLANATION OF PLATES 53-57 


PLaTE 53 


Fig. 1. Hyphal branch of S. sclerotiorum bearing spermatiophores and spermatia, taken 
from layer enveloping buried sclerotium. 
Fig. 2. Fragment of mycelium to exhibit variation in diameter of hyphae and vacuoliza- 
tion. 
. Sketch of sclerotium from which an apothecium has been produced. 
. Young appressorium of S. sclerotiorum from culture. 
. Mature appressorium. Figs. 1, 2, 4, and 5 drawn to the same scale. 
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Puate 54 


Fig. 6. Flax stem rendered translucent by treatment with alkali, showing cylindrical 
dark sclerotia of S. sclerotiorum inside the pith cavity —natural size. 

Fig. 7. Group of sclerotia removed from inside flax stems,—natural size. 

Fig. 8. Soil biscuits with enveloping mycelium and cushion-shaped sclerotia of S. sclero- 
tiorum,—natural size. 

Fig. 9. Culture of S. sclerotiorum on potato dextrose agar slant,—natural size. 

Figs. 10 and 11. Variation in size of sclerotia that have been removed from the interior 
of flax stems. Note, in Fig. 10, the floccose mycelium at each end of the sclero- 
tium. 

Fig. 12. Stem cut away to reveal normal locus of sclerotium. Figs. 10, 11 and 12 are mag- 
n‘fied approximately 18 times. 

Puate 55 

Figs. 13,14, and 15. Pots at left artificially infested with S. sclerotiorum (SS) grown on soil 
biscuits. Pots at right are checks. Photograph taken 12 days after planting 25 
seeds in each pot. Upper pots, Rio flax; middle pots, Punjab flax; and lower 
pots, Moose flax. 

PuaTE 56 

Figs. 16, 17, and 18. Comparison of pathogenic effects of Sclerotinia sclerotiorum (SS) and 
Polyspora lini (PL) on 3 varieties of flax, 2} months after planting into infested 
soil. The non-infested check pots are at the left in each case; those in soil in- 
fested with P. lint at the middle; and in soil infested with S. sclerotiorum at 
the right. Note resistance of Moose flax to P. lini. These experiments were 
made in early spring. 


Puate 57 


Figs. 19, 20, and 21. Infested soil seeded in summer with the varieties Punjab, Viking and 
Argentine. Non-infested controls at the left for each flax variety; those in soil 
infested with P. lini, at the middle; and those in soil infested with S. sclerotiorum 
at the right. Note the favorable survival of seedlings and their satisfactory 
growth in infested soils during warm weather. 

Figs. 22 and 23. Koto and Viking flax growing in soil infested with Sphaerella linorum (SL). 
The non-infested controls are at the left in the case of each variety. 
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THE CERCOPIDAE OF CUBA 
By Z. P. Mercatr anv S. C. Bruner 
Puates 58-61 


In 1925 the authors (Metcalf and Bruner, 1925a: 95) presented a short review 
of the Cercopidae of Cuba. In this revision one new genus and 12 new species 
were described, making a total of 16 known species from this region. Since 
that time much additional material has been collected and the range of many 
of the species has been extended, so that it has been thought advisable to bring 
these notes together and to give a comprehensive review of the present condition 
of our knowledge of this interesting family in Cuba. Two genera not previously 
reported from the Island have been added. One of these genera is new, the other 
has been reported previously from Central and South America only. The total 
number of known species in Cuba is now 22. 

Keys for the determination of the genera and the species known to occur in 
Cuba have been included. In so far as possible, we have based these keys on 
easily observable characters. We recognize fully the limitations of such keys, 
but believe that the ease with which they may be used will more than compensate 
for their limitations. Illustrations of the male genitalia have been included for 
all of the species for which males are available, as in all of the groups of Cercopidae 
these characters are the court of last resort for specific determination. 


KEY TO CUBAN GENERA 


1. Anterior margin of pronotum straight; head small, much narrower than pronotum; face 
strongly inflated; anterolateral margins of pronotum long; venation of tegmina reticu- 

MER Mains was ccd hedh bana tties sad teehee Leann woe Monecphora Amy. and Serv. 

1. Anterior margin of pronotum broadly rounded or angular; venation of tegmina usually 
not rotiowints aniealby. i: 2606652 0.905. UIP J5i0. BO AWW) Vadis Dus. 400 ie | 

. Eyes subglobose; face inflated; anterolateral margins of pronotum long. Neaenus Fowler. 
. Eyes transverse; face not inflated; anterolateral margins of pronotum short........ 3 
. Apex of clavus broadly rounded, corium with a broad terminal semitranslucent mem- 
brane; form of body globose, small.......................... Clastoptera Germ. 

3. Apex of clavus acute, corium without a terminal membrane; eyes not strongly transverse 
in dorsal view; form not globose, usually larger............... 6.0... 002 ee ecu eens + 

4. Head considerably narrower than pronotum, crown and pronotum without carinae; 
rostrum reaching somewhat beyond intermediate coxae. Very large, length 12-15 
Cephisus Stal. 


4. Head broader, often as broad or nearly as broad as pronotum. Much smaller, not ex- 
5 
5. Hind wings with the submarginal vein sinuate between the Cu:, and Cu sectors; scutel- 

lum shorter than pronotum........................4.. ,....Lepyronia Amy. and Serv. 
5. Hind wings with submarginal vein not sinuate; scutellum longer than pronotum...... 6 
6. Head short, thick; crown with anterior margins somewhat angular, but not thin or 

foliaceous; face more or less convex... ........ 2.2.22. c cece cece ee eee cece eeees 7 
6. Head flattened; crown with anterior margin thin and often foliaceous; face in profile 

straight or nearly so, nearly horisontal ...... .... 05.6 e ccc ec ce ect eeeseneenen 9 
JZ. WOUM Dreeins Same GaN e ME TOI 6 Se sn EOE Sie as 05 OP Ee es il cnc an nawy 8 
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. Form elongate; tegmina rather narrow, elongate.......... Dasyoptera Metc. and Brun. 
. Crown elongate, flat, anterior margin angulate................ Gaeta Metc. and Brun. 
. Crown short, declivous, anterior margin broadly rounded.............. Enocomia Ball. 
. Tegmina broad, apex rounded; aedeagus terminating in an attenuated slender coiled 
structure with two more or less distinct preapical appendages near center 
Leocomia Ball. 
9. Tegmina narrower with somewhat pointed apex; aedeagus shorter, thickened apically, 
armed on one side near apex with a strong chitinous spine, stalk simple 
Leocomiopsis .Metc. and Brun. 


© OO «I 


MonecpHora Amy. and Serv. (1843a: 562) 


Logotype Cercopis cingulata LeP. and Serv. 

This typical American genus as now constituted contains more than 60 species. 
How many of these belong to the closely related genera Tomaspis and Sphenor- 
hina, or how many species which have been assigned to these genera, really be- 
long to Monecphora has not been determined. These three genera together with 
Triecphora have been variously treated by different authors. Amyot and 
Serville (1843a: 560 ff) first proposed to separate them. Most subsequent 
authors unite them. We shall treat them as distinct until a thorough restudy 
can be made not only of the genotypes but of the majority of the related species. 


Monecphora bicincta fraterna Uhler 
(Pl. 58, Figs. 1 A-B, 8) 

This variety occurs throughout the lowlands of Cuba, and has been taken in 
the mountains up to 2,750 feet in the Sierra del Cobre, Oriente Province. It 
appears to be more common in the eastern half of the island. Rarely abundant, 
it becomes very scarce in the latter part of the dry season. It has been known 
to breed in Cuba on sugar cane; Para grass, Panicum barbinode: Imperata con- 
tracta (H. B. K.) Hitch. (determined by L. C. S.); Guinea grass, Panicum 
maximum, and other Gramineae, but with the exception of one reported outbreak 
in Para grass (Cardin, 1917a: 38-43) there is no other record of damage. It 
varies in length from 8 to 10.5 mm., average about 9.5mm. Dark specimens oc- 
cur occasionally in company with the usual form which have the red markings 
reduced or entirely wanting. These represent the insect in the Gundlach 
Museum labeled Tomaspis sepulchralis Stal, a species described from Mexico. 
This was published by Valdés Ragués (1910a: 445) as Tomaspis pulchralis. A 
specimen of the typical fraterna in the same Museum is labeled 7’. fasciaticollis 
Stal. 

Monecphora flavifascia Metc. and Brun. 


(Pl. 58, Figs. 2 A-D, 3 A-D) 

No further specimens of this species have been found since the publication of 
the original description (Metcalf and Bruner, 1925a: 96). It was included under 
M. bicincta fraterna by Cardin in his paper on this insect (Cardin, 1917a: 38), 
and was described by us from the specimens preserved at the Cuban Experiment 
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Station referred to by him and which were obtained from the Tinguaro Sugar Co., 
Matanzas. The host plant is not definitely known. We present figures of the 
structural details of this form for ultimate recognition in case it should prove to 
be introduced. Compared with specimens of M. saccharina (Dist.) from Trini- 
dad, B. W. I. (coll. by C. B. Williams), it is seen to be quite distinct. 


NEAENws Fowler 


This genus was described by Fowler (1897b: 191) for a single species from 
Mexico. The present species agrees in all essential details with Fowler’s descrip- 
tion. 

In a general way this genus resembles the genus Aphrophora Germ. but the 
eyes are semiglobular and not transverse. In the character of the eyes and the 
face this genus would seem to belong in the family Tomaspidae but the other 
characters, especially the venation of the tegmina, clearly place it in the family 
Cercopidae. 

Head narrower than the pronotum; crown broad, about twice as broad as 
long ; face strongly inflated, transverse striae not conspicuous. Pronotum about 
twice as broad as long; anterior margin broadly rounded; posterior margin 
broadly incised; anterior lateral margin elongate. Tegmina elongate, the 
venation distinct with four apical cells, not reticulate apically. Claval suture 
deeply impressed. Tibiae with two strong spines. 


Neaenus luteosignatus Valdés 
(Pl. 58, Fig. 9; Pl. 59, Fig. 1) 


A rather large, elongate, brownish fuscous species with the pronotum in front 
irregularly margined with orange-pink, the tegmina each with five small yellowish 
white spots and the scutellum with a similar pale elongate mark on lateral mar- 
gins over basal half. 

Ground eolor light brownish fuscous, probably darker in life. Head paler on 
either side of ocelli and tylus, central area darker except for a small narrow pale 
area on median line in front of ocelli. Pronotum with a broad, irregular dull 
orange-yellow border in front, this probably orange-pink or red in life, this color 
extending backward on median line as a narrow attenuated vitta for about half 
the length of pronotum; scutellum with a conspicuous yellowish white mark 
along outer margin from each basal angle to about the center. Tegmina each 
with five small irregular or angular yellowish white spots as follows: one on 
outer margin of clavus near base ; a slightly larger one behind this on corium near 
base and touching claval suture; another next to costal margin near center; a 
transverse dash in line with this above extending across apical third of clavus; 
and a fifth spot in center of corium behind broken band at about one-third its 
length from apex of clavus, the veins in this area darker. 

Distinctly elongate. Upper surface rather smooth and rather finely and shal- 
lowly punctate. Ocelli relatively larger and not so close together as in M. 
bicincta Say. Pronotum without median carina and apparently with a faint 
median depression from anterior border, evanescent behind center. 
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Length: 12 mm.; greatest width (approximately) 4.5 mm. 

The foregoing description was made from a single specimen from Topes do 
Collanteros, Cuba, Sept. 15, 1941, elevation 640 m. A. R. Otero, coll., and a 
specimen in the Gundlach Collection, Havana. It is labeled Tomaspis luteosig- 
nata Uhler, evidently a manuscript name. Valdés Ragués (1910a :445) published 
this with the following note: “Description abreviada, 10 mm., Pardo rojizo claro, 
puntos blancos. Num. 325’. Under a strict interpretation of the International 
Rules this name appears to be valid. Gundlach records indicate that the species 
was taken in the Sierra Rangel, Pinar del Rio Province. 


Crpuisus Stal 
Type Aphrophora siccifolia Walk. 


This genus contains some of the largest species of Cercopids known from the 
Americas. In general appearances the species of this genus resemble large 
species of the genus Aphrophora. 

Head with eyes narrower than the pronotum; face with the median carina 
broad and flat, lateral areas broadly ridged ; crown flat, posterior margin broadly 
rounded, the anterior margin broadly angulate. Pronotum large, nearly twice 
as broad as its median length, anterior margin broadly rounded, posterior margin 
deeply excavated and nearly a right angle; anterior portion distinctly declivous, 
posterior portion nearly horizontal. Scutellum elongate, nearly one and one- 
half times as long as the pronotum. Venation of the tegmina and the hind 
wings approximately as in Aphrophora. Legs stout, hind tibiae with two very 
stout lateral spines, crown of spines at the apex nearly equal in size. 


Cephisus siccifolius cubanus n. subsp. 
(Pl. 58, Figs. 4, 5 A-D, 6 A-B) 


Distinguished from C. siccifolius siccifolius (Walk.) of Central America by a 
slightly longer and more acute vertex; darker coloration, with more restricted 
and much more indefinite pale markings, and by somewhat smaller size. 

Dark, slightly reddish to nearly chocolate brown with indistinct paler areas 
above, the whole body thickly covered with a short yellowish pilosity, absent 
only on ridges of clypeus and major portion of meso- and metasternum, and on 
venter. The upper two-thirds of clypeus, crown, larger part of pronotum, ex- 
cept posterior third, the apex and clouding on anterior half of scutellum, and a 
few very indefinite areas on tegmina, especially along clavus, dark buff; usually 
a pale median spot on posterior margin of pronotum. Hind wings lightly in- 
fumated. 

Head about 0.8 as broad as pronotum; crown distinctly angular, 0.44-0.48 
as long as pronotum medianly, the margins rather sharp, laterally rounded and 
slightly elevated in front of tylus, this well delimited, surface somewhat sculp- 
tured, depressed on either side of ocelli; ocelli nearer each other than eyes and 
slightly more than their own diameter from the posterior margin ; face moderately 
convex as in typical siccifolius; the clypeus with 11 or 12 distinct cross-ridges 
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and well elevated percurrent median carina, more obtuse apically ; anteclypeus 
strongly convex with an indefinite median ridge ; rostrum attaining base of inter- 
mediate femora. Pronotum about 0.65 as long medianly as broad; surface 
moderately sculptured, depressions near anterior margin distinct. Scutellum 
equally as long as pronotum. Tegmina 2.6 times as long as greatest width; 
apex attenuate, pointed, very obliquely truncate on anal margin; venation as 
shown in Fig. 5C, veins somewhat elevated. Hind tibiae with a large stout spine 
near center and a much smaller one near base. 

Genitalia: As shown in Figs. 5D, 6A, B. 

Length: 12-15 mm. The female is distinctly larger. 

Holotype: Male, Las Animas, Sierra Rangel, Pinar del Rio, elevation 1,500 ft., 
June 15, 1935, F. de Zayas, coll. Allotype: Female, same locality, September 3, 
1934, S. C. Bruner and A. R. Otero, coll. (E. E. A. de Cuba. No. 10291), reared 
from nymph on Prunus occidentalis L. Paratypes: Three specimens taken with 
allotype, and one male, Brother Roberto, coll., same locality, August, 1930. 

This, the largest of the Cuban Cercopidae, was found breeding in conspicuous 
masses of froth on the branches of the native tree mentioned, known as cuajani. 
Great numbers of nymphs of different sizes were found together, some 100 in- 
dividuals having been taken together in one instance. This insect is not com- 
mon, or at least is apparently very local in its distribution. 

There is a single somewhat damaged specimen of this form in the Gundlach 
Museum, labeled “Ptyelus siccifolius Stal’ (No. 394), which is recorded by Gund- 
lach as taken at Yateras (Oriente Province). 

We have examined specimens of C. siccifolius (Walk.) from Costa Rica (C. H. 
Ballou, No. 846), unquestionably identical with the species so treated in the 
“Biologia” (Fowler, 1897b: 192, pl. 12, fig. 3). At first sight this appears very 
distinct from the Cuban form, having conspicuous markings and being larger, 
the females measuring up to 17 mm. in length. A comparison of their general 
structure and internal male genitalia shows them to be strikingly similar, with 
no more differences than would be expected between geographical races. The 
Costa Rican specimens were taken on peach trees. 


Leocomia Ball 
Orthotype Leocomia parabolocrata Ball 


Using as a basis Ball’s original description (Ball, 1919d: 148), his figure of the 
type, and material of the rather numerous Cuban species which seem to be con- 
generic, although differing slightly in minor details, this genus may be charac- 
terized as follows: Resembling Lepyronia in general form but usually more 
depressed with clypeus very flat and horizontal or nearly so; scutellum larger; 
tegmina broadly rounded apically ; the hind wings with submarginal vein entire ; 
and genitalia very distinct. Head depressed, often produced and foliaceous 
anteriorly, usually narrower than pronotum. Crown usually well produced, 
flattened, triangular ‘to parabolic in outline, the anterior margin thin, slightly 
raised ; ocelli nearer to each other than to eyes, usually very near posterior mar- 
gin. Face very flat, in profile straight or nearly so, horizontal, the extended line 
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touching the costa. Clypeus with anterior margin slightly inflated ; transverse 
ridges weak, usually distinguishable laterally. Pronotum as in Lepyronia, but 
often less convex above, finely transversely striate; lateral margins usually ob- 
tusely carinate. Scutellum large, longer than pronotum, finely striate. Teg- 
mina broadly rounded apically, nearly flat; venation resembling Aphrophora. 
Hind wing with four apical cells and submarginal vein entire. Posterior tibiae 
with two preapical spines, both rather weak in specimens from Haiti or with the 
central spine much the stronger in Cuban specimens. Aedeagus elongate, 
coiled, transparent, fibrous, apically attenuated and slender, with two more or 
less distinct median appendages unequal in length. 

The genitalia of Leocomia are remarkable in form as first pointed out by Myers 
(1928b: 122) and are very similar in general appearance in all of the species 
examined. 


KEY TO THE CUBAN SPECIES OF LEOCOMIA BALL 


1. Crown nearly twice as broad as long; anterior margin continuing the curve of the outer 
NE ge ere eee Se or A er pink: ape ere 

. Crown at least two-thirds as long as its median length, parabolic.................. 5 

. Pronotum with a percurrent median carina................ fulva Metec. and Brun. 

. Preatetunk without a mhodian Genes. 6.5556 6 ee is SA FR SN 3 

. Tegmina and dorsum chiefly blackish fuscous; crown and anterior margin of pronotum 

ochraceous tawny, strongly contrasting.................. pileae Mete. and Brun. 

3. Tegmina and dorsum chiefly ochraceous tawny; if the tegmina are darker the crown is 

ee EY I nook So Sce te cndocemahes cde tates) cess anh oye ahha news 4 


on wv 


4. Soutelum olompate, alender:......0. 0.0. ce lot nagua Metc. and Brun. 
Ge Te NL oid Fi i iL ER matanzas Metc. and Brun. 
5. Color chiefly light ochraceous buff or tawny..................6. 0000. e eee cece nuns 6 
5. Color chiefly blackish fuscous.................2........6... balloui Metc. and Brun. 
6. Tegmina with indistinct transverse fasciae or rows of spots, sometimes reduced to 


EE ME III, 6b oc batter's cu ne os eka ha gicwasncenavs dad oehadaehesn mies 7 
grisea Metc. and Brun. 


er ie CPU ee ca wt Leta tonnes cis tine ee 
7. Premecums willdetiiey taway:: 506. LR OE ES collina Myers 
¥. Feeeetems Gat: Gallentaly taleg eck ows ciel cies Slew. ald eee. 8 
8. Head narrower than pronotum................-s0csecsneseress gracilis Metc. and Brun. 
Ge Fe BE SONNE OE INN. oo i bids ict A Se de ces 2 fh maestralis Metc. and Brun. 


Leocomia grisea Metcalf and Bruner 
(Pl. 61, Fig. 8) 


Known only from the female type taken in the Sierra Maestra Mountains- 
It is recognizable by its relatively large size (Length 5.1 mm.) ; strongly produced 
vertex which is but little shorter than the pronotum; and the nearly uniform 
grayish tawny coloration. 


Leocomia balloui Metcalf and Bruner 


(PI. 58, Figs. 12 A-D; Pl. 59, Fig. 23; Pl. 61, Fig. 5) 


The two type specimens were taken on Turquino Peak at an elevation of 5,000 
feet. Dr. J. G. Myers (1928b: 120) reports this species from the Trinidad 
Mountains but his record may refer to L. nagua which appears to be the common 
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species there. While not unlike some of the darker specimens of the latter in 
color, it differs in the thin, foliaceous and very strongly produced crown (about 
0.9 length of pronotum ), much more slender form (2.74 times as long as broad), 
and by the veins of the tegmina which are black, elevated and very prominent in 
the creamy white apical area. 

We also have a single male of this species taken near the type locality by J. 
Acufia, Aug. 1, 1935. In addition to the irregular pale band from near the center 
of the costal margin to the scutellum, mentioned in the original description, there 
is a pale spot on the costal margin about half way between this pale band and 
the apex of tegmina, as observed in many other Cuban species of the genus. 
The head is very long and foliaceous, the crown 0.88 as long as pronotum medi- 
anly, the pronotum twice as broad as long and the scutellum 1.26 times as long as 
pronotum. This third specimen measures 5.2 mm. in length. 

The male genitalia (Fig. 12A) are typical of the Cuban species of the genus. 
The membranous portion of the aedeagus is rather short and simple with the 
distal half broad and flattened, the preapical appendage scarcely distinguishable. 
The genital styles are distinctive in shape, and the plates broad. 


Leocomia nagua Metcalf and Bruner 
(Pl. 58, Figs. 10 A-D; Pl. 59, Figs. 11, 17, 20; Pl. 60, Figs. 11 A—I; PI. 61, Fig. 9) 


Originally described from five specimens taken in the foothills of the Sierra 
Maestra Mountains, it has been found since in the central and western provinces. 
In fact it is the most abundant member of the genus, and is very variable in color. 
As the original description was brief, this additional material makes a redescrip- 
tion desirable. 

A species of moderate size, robust form with short crown, and variable mark- 
ings, usually dark with two pale spots on pronotum behind and two irregular 
broken pale bands across tegmina, these sometimes obsolete. 

Color: Brown to fuscous covered with yellow pile, marked as follows: Head 
concolorous or with either side of crown and small central area paler. Pronotum 
concolorous with or without a pair of oval or rounded greenish-white spots in 
center near posterior margin, or with anterior two-thirds paler except for a darker 
median vitta; carina of lateral margins usually pale. Scutellum usually with 
lateral angles and extreme apex paler. Tegmina with a broken, more or less 
distinct, irregular; pale arc from near center of costa to inner margin of center 
of clavus, and a more indistinct, broad subapical are from costa or entirely 
absent. In some specimens these bands are broad, entire and strongly marked, 
giving the insect a striking appearance especially when the ground color is very 
dark, being at times dull fusco-piceous. The pile in these pale areas is also pale. 
The rounded anterior margin of head, beneath the very thin raised edge, is paler, 
often ivory-white. Below dark brown, almost concolorous except the metaster- 
num is paler. Some specimens are light brown in color, with the clavus entirely 
pale, but these are probably somewhat teneral. 

Form: Robust, 2.21-2.29 times as long as broad. Head distinctly narrower 
than pronotum, moderately depressed. Crown short, 0.72 as long as median 
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length of pronotum, subangular, sides slightly convex, extreme apex rounded; 
surface slightly sculptured ; ocelli about their own diameter from hind margin, 
much nearer to each other than to eyes. Face nearly flat. Clypeus slightly 
longer than broad, the transverse ridges weak, visible laterally. Pronotum 
nearly 2.5 times as broad as long, moderately convex; depressions near anterior 
margin distinct ; humeri prominent ; lateral margin obtusely carinate. Scutellum 
1.26 times as long as pronotum medianly. Tegmina 2.25 times as long as broad ; 
form typical; venation rather weak, not distinctly elevated. Spines on hind 
tibiae typical of genus in Cuba. 

Genitalia: Typical of genus ; plates broad ; genital styles more slender apically 
than in collina Myers. 

Length: 4.3-5.0 mm. 

We have numerous specimens before us from Jarahueca, and Loma del Gato, 
elevation 2,250 ft., reared on Psychotria horizontalis Sw. (det. by P. Wilson), 
Oriente ; Buenos Aires, elevation 2,350—2, 800 ft., Santa Clara ; and Sierra Rangel, 
elevation 1,000—1,500 ft., Pinar del Rio Province. 

The species reported from the Trinidad Mountains by Myers (1928b: 120) as 
L. ballout is possibly this species. 

In the Gundlach Museum two of three specimens labeled “‘Lepyronia angulifera 
Uhler, No. 331” are Leocomia nagua. 


Leocomia matanzas n. sp. 
(Pl. 59, Figs. 6 A-B; Pl. 61, Fig. 7) 


This form is practically indistinguishable from Leocomia nagua Metc. and 
Brun. in color and external morphology and can be distinguished with certainty 
only by the characters of the internal male genitalia. The shape of the genital 
styles, particularly, is very distinct; in matanzas these are strongly attenuated 
apically as figured. This species is also somewhat smaller. 

Length: 4.2-4.5 mm. 

Holotype, male, and allotype female: Pan de Matanzas, June 12, 1932, Bruner, 
Otero and Scaramuzza, coll. Paratypes : 2 males and 7 females, same data as type; 
4 males and 1 female, Loma de Somorrostro Havana, Aug. 20, 1935, Bruner, 
Scaramuzza and Zayas, coll., breeding on Psychotria costivenia Gris. and Ps. 
pubescens Sw. (Rublacene—det. Dr. J. T. Roig); and 1 ae, Barrio Caobilla, 
June 25, 1927, J. Acufia, coll. 

While we realize that it is not very satisfactory to found a species chiefly on 
characters of internal structures, yet it cannot be avoided in this case. A con- 
siderable number of specimens of L. nagua from other parts of the Island have 
been dissected and the genitalia are very uniform and quite distinct from L. 
matanzas, as shown in the accompanying figures. 

The nymphs in the later stages are yellowish green ; the thorax above, includ- 
ing wing pads, much darker ; legs pale. As many as 20 nymphs have been found 
together in one mass of spittle on the tender stem of Psycholria sp. 

This species seems characteristic of the low limestone hills scattered through 
the central provinces where it apparently entirely replaces L. nagua. 
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Leocomia maestralis Metcalf and Bruner 
(Pl. 59, Fig. 4; Pl. 61, Fig. 4) 


Described from two males taken between 3,500 and 4,200 feet elevation in 
the Sierra Maestra Mts. and not collected since. 


Leocomia pileae Metcalf and Bruner 
(Pl. 59, Figs. 5A—D, 10, 22; Pl. 61, Fig. 6) 


Easily distinguished from all other Cuban species by the short angular crown, 
this being only 0.6 as long as pronotum medianly, the latter very short, 2.2-2.3 
times as broad as long. It is a rather narrow form (2.4 times as long as broad), 
and very dark in color, often with much paler contrasting foreparts. The in- 
ternal male genitalia resemble those of L. nagua, the styles and the aedeagus being 
slightly different as figured. 

Length: 4.4 mm. 

In addition to the five specimens mentioned in the original description there 
are ten paratypes in the collection of the Cuban Experiment Station. These 
were all taken together on Turquino Peak at an elevation of 5,500 feet where 
the species was breeding on a low herbaceous plant, Pileasp. We have recently 
received fifteen other specimens collected near the type locality by J. Acuiia, 
Aug. 1, 1935, breeding on Pilea micromeriafolia B. and W. and Pilea sp. 


Leocomia fulva Metcalf and Bruner 
(Pl. 61, Fig. 3) 


Known only from the female type taken at an elevation of 5,500 feet on Tur- 
quino Peak. The distinct percurrent median carina on the pronotum at once 
separates this from all other known species of the genus. 


Leocomia collina Myers 
(Pl. 58, Figs. 11 A-D; Pl. 59, Figs. 12, 21; Pl. 60, Fig. 3; Pl. 61, Fig. 1) 


This species was described from 11 specimens collected at Mina Carlota, 
Trinidad Mts., Santa Clara. We have specimens taken in the lowlands at 
Santiago de las Vegas, Havana, which agree in all essentials with the description 
by Myers. 

The following is a somewhat more detailed description of the species : 

Color: Above, tawny or grayish buff, sometimes slightly brownish, nearly 
concolorous with very faint indications of a broad paler transverse arc from about 
center of costa and another before apex. The extreme apex of clavus usually 
slightly embrowned. Below, similar but postclypeus, sternum and venter, 
usually more or less fuscous. 

Form : Somewhat elongate, 2.33-2.50 times as long as broad. Surface smooth, 
somewhat shining. Head distinctly narrower than pronotum (0.84 as broad), 
moderately depressed. Crown 0.63-0.65 as long as median length of pronotum, 
angular; sides nearly straight, very slightly convex, extreme apex rounded; 
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surface nearly smooth, slightly elevated in center behind. Ocelli about their 
own diameter from posterior margin, much nearer to each other than to eyes. 
Face very slightly convex, postclypeus much longer than broad, transverse 
ridges on sides weak. Pronotum almost exactly twice as broad as long; mod- 
erately flattened, depressions near anterior margin weak; lateral margins ob- 
tusely carinate ; humeri somewhat prominent. Scutellum nearly 1.25 times as 
long as pronotum medianly. Tegmina 2.4 times as long as broad; veins rather 
indistinct, slightly elevated. Spines on hind tibiae typical of genus in Cuba. 

Genitalia: Rather distinct, the plates narrow, attenuate apically; the styles 
relatively broad. 

Length: 3.90-4.75 mm. (average about 4.5). 

Six specimens from. Santiago de las Vegas, Havana, May 16, 1932, A. R. 
Otero, coll., found breeding on Capraria biflora L., one collected Dec. 5, 1934; 
and another from San Blas, Trinidad Mts., Santa Clara, May 5, 1932, S. C. 
Bruner and A. R. Otero. 

The specimen (male) from San Blas is very small (3.9 mm.) and much darker 
than others, the ground color being fuscous brown (PI. 59, Fig. 21, Pl. 60, Fig 3). 


Leocomia gracilis n. sp. 


(Pl. 59, Figs. 2A-D, 13, 16, 18; Pl. 61, Fig. 2) 


A rather slender, depressed species of moderate size, with strongly produced 
crown ; dark brown or tawny brown in color with somewhat variable, blurred 
markings ; two brodd pale indefinite fasciae on tegmina. 

This form may be distinguished from L. nagua, which it resembles in colora- 
tion, by its more slender form, longer crown and more depressed head and 
thorax. 

Color: Head ochraceous tawny, often more or less clouded with darker on 
either side of disc. Pronotum usually ochraceous tawny over anterior two-thirds 
or more, a broad, uneven central vitta and posterior portion dark brown, a pair 
of pale spots usually visible near hind margin on either side of dark central vitta ; 
markings on pronotum sometimes obsolete and this almost entirely tawny. 
Scutellum usually with sides tawny and central portion dark, but variable and 
sometimes almost entirely tawny. Tegmina dark brown, a pale, variable, ir- 
regular broad arc from center of costa to inner angle of clavus and another similar 
indefinite fascia before apex, both sometimes reduced to pale spots on costal 
margin. 

Form: Rather slender, sides subparallel, about 2.33 times as long as broad. 
Head distinctly narrower than pronotum, strongly depressed. Crown strongly 
produced, 0.85 as long as median length of pronotum; subangular with apex 
rounded and sides slightly convex; surface slightly uneven ; somewhat convex 
between ocelli; the anterior margins very slightly elevated. Ocelli about their 
own diameter from posterior margin, much closer to éach other than to eyes. 
Face flat, horizontal; clypeus elongate. Pronotum short, nearly 2.3 as broad 
as long, weakly convex ; depressions near anterior border distinct ; humeri rather 
prominent. Scutellum 1.5 times as long as pronotum medianly. Tegmina 
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broad, 2.16 times as long as broad, venation fairly distinct, not raised. Spines 
on hind tibiae typical of Cuban species. 

Genitalia. Male pygofer, plates and genital styles very similar to nagua, 
aedeagus also similar but more slender. 

Length : 4.2-4.6 mm. 

Holotype, male and allotype female: Camaguey, July 30, 1923, J. Acufia, coll. 
on Misanteca triandra (Sw.) Mez., a native tree belonging to the Lauraceae. 
Paratypes : 6 specimens, same data, 1 specimen (male) Cape San Antonio, Pinar 
del Rio Prov., April 13, 1924, 8. C. Bruner. 


Dasyoptera variegata Metcalf and Bruner 
(Pl. 58, Fig. 7; Pl. 59, Fig. 9; Pl. 60, Fig. 12 A-E) 


Since the publication of the original description based on a single female 
taken on Turquino Peak, the species has been found in several other localities in 
eastern, central and western Cuba and at relatively low elevations, as follows: 
near Santiago de Cuba, and Sierra del Cobre, Oriente; Buenos Aires, Trinidad 
Mountains, Santa Clara; and Sierra Rangel, Pinar del Rio. These specimens 
are all smaller than the type, measuring 4.6-5.3 mm. in length. Myers (1928b: 
123) has also reported the species from Santa Clara Province and figured the 
male genitalia. His figure, however, is not quite accurate, particularly as re- 
gards the shape of the upper posterior angle of the pygofer. This is shown as if 
produced as a distinct tooth, while as a matter of fact it is abruptly truncate as 
if broken, very different from the pygofer in the related genus Leocomia. 

In the foothills of the Sierra del Cobre this species was found breeding in 
abundance on Miconia laevigata (L.) DC. and what was evidently the same on 
M. impetiolaris (Sw.) D. Don. These plants, family Melastomataceae, were 
determined by J. Acufia. 


LEOCOMIOPSIS gen. n. 


Orthotype: Leocomiopsis scaramuzzai n. sp. 


Form and general aspect of Eeocomia Ball but more elongate, the tegmina nar- 
rower and somewhat pointed apically, and with very distinct internal male 
genitalia. 

Head broad, including eyes as broad as anterior margin of pronotum, well 
produced, strongly flattened and more or less foliaceous. Crown flat, anterior 
margin thin and slightly raised; ocelli placed nearer each other than to eyes. 
Face very flat and horizontal; the postclypeus elongate, transverse ridges dis- 
tinguishable laterally. Pronotum somewhat longer than in Leocomia; lateral 
margins subparallel or weakly oblique, carinate ; finely striate transversely above. 
Scutellum large, longer than pronotum. Tegmina elongate, costae subparallel, 
apices more or less pointed; venation resembling Leocomia, third anal. vein 
wanting. Hind wing as in Leocomia. Hind tibiae with a weak spine near base 
and a stronger spine near center. Male genitalia: pygofer short and broad; 
plates narrow; aedeagus largely transparent, fibrous, coiled, without lateral 
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preapical appendages and somewhat thickened apically where it bears a strong 
chitinous spine or hook on one side. 


Leocomiopsis scaramuzzai, n. sp. 
(Pl. 59, Figs. 7A—D, 14, 19) 


A large, chocolate brown, elongate, greatly depressed species with strongly 
produced head, readily distinguishable from all other Cuban Cercopids. 

Color: Grayish chocolate brown, nearly uniform except for an indefinite darker 
blurred area across outer half of tegmina near center and another similar elun- 
gated area on apex, parallel to costa and running from first to fourth apical cell. 
The whole surface of body covered with a short, dense, yellowish gray, silky 
pubescence. Hind wings slightly infumated. 

Form: Distinctly elongate, 2.5 times as long as greatest width, sides nearly 
parallel. Head nearly as broad as pronotum, strongly flattened ; crown consid- 
erably produced, nearly 0.7 as long as median length of pronotum, rather acute, 
sides slightly arched, extreme apex obtuse, surface smooth; ocelli about their 
own diameter from posterior margin, distinctly nearer each other than eyes. 
Pronotum about 1.7 times as broad as long; lateral margins rather long, very 
slightly oblique, obtusely carinate; anterior margin evenly rounded, deeply 
excavated behind; dorsum weakly convex, surface smooth, finely striate, de- 
pressions near anterior margin faintly indicated ; humeri not prominent. Scutel- 
lum 1.25 times as long as pronotum. Tegmina relatively narrow, about 2.6 
times as long as broad, apex obtusely pointed ; veins distinct, narrow, moderately 
elevated. 

Genitalia: Male, pygofer much broader than long; plates narrow, gradually 
attenuated towards obtuse apex; genital styles in lateral view broad, nearly 
uniform in width, apex truncate and a little broadened ; aedeagus armed near 
apex with a strong, slightly curved, chitinous spine. 

Length : 6-7 mm. : 

Holotype, male: Somorrostro, Havana, Sept. 14, 1934, A. R. Otero and 8. C. 
Bruner, coll., on “Jaguey”’, Ficus sp. Allotypes: ° Jaronu, Camaguey Prov., 
June 16, 1934, L. C. Scaramuzza, coll., on “Jaguey”, Ficus sp. Paratypes: 4, 
same data; 2 from Santiago de las Vegas, Havana, August 19, 1931, A. R. 
Otero, coll.; and 1 from Sierra del Cobre, Oriente, elevation 2,750 ft. 


Lepyronia angulifera robusta Metcalf and Bruner 
(Pl. 59, Fig. 15; Pl. 60, Figs. 4A—D, 8, 9) 


We now believe that our L. robusta (Metcalf and Bruner, 1925a) should be 
considered as only a geographical race of angulifera Uhler, which was described 
from Florida (Uhler, 1876a). The internal male genitalia of the latter, judging 
from specimens taken at Bryceville (P. W. Oman, coll.), do not differ in any 
respect from those of the Cuban form. This, however, is paler and more dis- 
tinctly marked than that of Florida, having two broad, somewhat oblique, fus- 
cous-brown bands across tegmen: one from slightly behind center of costa to 
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apex of clavus and the second, shorter and parallel to the first, covering the outer 
apical cells, the area between these very pale. The apical band in the three 
Florida specimens before us is obsolete and Uhler makes no reference to it in the 
original description. He also described angulifera as having a yellow median 
and apical band on the femora, but neither Florida nor Cuban specimens show 
the latter and only the anterior and intermediate femora have an incomplete 
yellowish median band, this sometimes nearly obsolete. The apex of scutellum 
is pale as described in both forms but we are unable to detect the black dot men- 
tioned by Dr. Uhler. 

Lepyronia angulifera robusta measures 4.0—-5.5 mm. in length, the male nearly 
always being much smaller than the female. The crown is 0.56-0.68 as long as 
broad between the eyes, and 0.84 to equally as long as pronotum (shortest in 
male); ocelli about as far from each other as from eyes and about midway be- 
tween tylus and posterior margin. The pronotum is 2.3 times as broad as long 
medianly, and the scutellum 0.8 as long as pronotum. 

This is a very common insect in Cuba and has been reported from the country 
by various authors (Metcalf and Bruner, 1925a; Myers, 1928b; Osborn, 1926c; 
Uhler, 1876a). It is found in pastures and uncultivated lands nearly every- 
where, but has not been observed in sufficient abundance to be appreciably 
injurious. We have specimens from eastern, central, and western Cuba, and 
the Isle of Pines. It has been found breeding on the common espartillo grass, 
Sporobolus indicus (L.) R. Br. which appears to be the favorite host plant. It 
has also been found breeding on Chaetochloa geniculata (Lam.) Mill and Chase 
in the Sierra del Cobre Mts., Oriente, elevation 2,700 ft. and in one instance 
locally on Cyperus swartzit (Diet.) Boek. (det. Dr. J. T. Roig). 

Two of the three specimens in the Gundlach Museum labeled ‘“Lepyronia 
angulifera Uhler. No. 331” are Leocomia nagua Metc. and Brun. 


Enocomia maestralis Metcalf and Bruner 
(Pl. 59, Figs. 3A—D, 8; Pl. 60, Fig. 10) 


This striking form remains the only representative of the genus known in 
Cuba. It is apparently confined to the higher mountains of the Sierra Maestra 
group. In addition to the original specimens we have one taken August 1, 1935, 
near the type locality on Pilea nudicaulis (SW.) Willd. by J. Acufia and two 
others from the Loma del Gato, Sierra del Cobre, Oriente, elevation 2,500 ft., 
September 30, 1935, on the same plant. 

The internal genitalia of no member of this genus have been studied previously. 
Those of the male of maestralis show clearly its relationship to Leocomia but are 
nevertheless very distinct. The aedeagus is an extraordinarily bulkv, elongated, 
fibrous structure with a chitinous apex. 

Dr. Ball’s (1919d) figure of the type from Haiti shows the tegmen with a third 
claval vein present (inner sector). We have been unable to detect traces of this 
in the Cuban species. Furthermore, the posterior tibiae have a weak basal 
spine, as in Leocomia, in addition to the stout spine mentioned in Dr. Ball’s 
description. 
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CLASTOPTERA Germar 


This genus is a difficult group taxonomically and there has been much con- 
fusion in placing the different species occurring in the Americas as has been 
pointed out by Dr. Ball (1927a, b). This is a result of the great variation ob- 
served in many of them and to the apparent absence of well marked characters 
by which they can be separated. 


KEY TO CUBAN CLASTOPTERA 


1. Pronotum not distinctly transversely rugulose. .....................0 6c e cece e eee 2 
1. Pronotum distinctly transversely rugulose................. 0.2 c eee eee eee 4 
2. Distinctly bicolored, pronotum and scutellum bright yellow, crown and tegmina black 


OL EL Rate & Actes flavidorsa Metc. and Brun. 
2. Not distinctly bicolored, pronotum and scutellum testaceous...................... 3 
3. Pronotum with the anterior border distinctly paler........ caobilla Metc. and Brun. 
&. Promotum eniforaniy Beewin~). 25600668 call... ieieic. corel cuba Metc. and Brun. 
4. Tegmina blackish with a row of bright yellow spots in an interrupted band across the 
middle, the largest spot in the center of clavus....................... stolida Uhler. 


4. Tegmina grayish without a distinct band of yellow spots; usually an indistinct fascia 
SUPER SEINE Gi, NE Oe IIIS o.oo ccn chin cdas ci cncessesedns nce undulata Uhler. 


Clastoptera undulata Uhler 
(Pl. 60, Figs. 1, 2, 6) 


This is a very common species, breeding on the Australian Pine, Casuarina 
equisetifolia Linn., which has been widely planted in Cuba, especially along the 
avenues in the suburbs of Havana. It sometimes occurs in great abundance 
on this plant where the nymphs are certain to be attacked by a very interesting 
and usually effective Chalcid parasite (Myers, 1928b). The Cercopid has also 
been reared from nymphs on other plants, including the Cashew, Anacardium 
occidentale Linn. and the native Casearia hirsuta Sw. Dr. Myers (1928b) has 
reported eight other host plants, only one of which (Malvaviscus arboreus) is 
indigenous. He considered fhe Clastoptera breeding on the Casuarina to be a 
distinct species but did not obtain adults. 

Specimens of undulata taken on woodland vegetation are usually darker in 
color than those from Casuarina but do not differ otherwise. 

We have a series of specimens from Camaguey (J. A.) taken on the Green 
Ebony, Brya ebenus DC. which are more heavily marked than the common form 
with a broader transverse fascia on pronotum; the head slightly more pointed 
and the general form somewhat narrower (Fig. 1). While at first sight it ap- 
pears distinct, we believe that for the present it should be considered as only a 
variety. For this we propose the name Clastoptera undulata var. bryae n. var. 

We have specimens of the typical undulata from the provinces of Pinar del 
Rio (C. H. B., J. A., 8. C. B.), Havana, Santa Clara (S. C. B.), and Oriente (S. 
C. B., L. Boucle). The species varies from 3.25-4.60 mm. in length. While 
superficially resembling C. obtusa Say of continental North America we cannot 
concur in the opinion of Dr. Ball (1927b: 224) that it is only a variety of that 
species. In fact, we find it clearly distinct; it would not even fall in the same 
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section with obtusa in his key (Ball, 1927a: 105) as the callosity of the tegmina is 
usually rounded and not spread over first apical cell. 


Clastoptera stolida Uhler 
(Pl. 60, Figs. 7, 13) 


This small black and yellowish white species is rather uniform in size and 
coloration, and at once distinguishable from any other Cercopid known in Cuba. 
Dr. Ball (1927b: 224) also considers this to be only a variety of obtusa Say but 
we find it even more distinct than undulata. In color of the face, callosity, and 
form it resembles undulata but there is no possibility of confusing the two. The 
species measures from 2.5 to 3.5 mm. in length. We have specimens from the 
provinces of Havana, Santa Clara, Camaguey and Oriente. It breeds commonly 
on wild herbaceous plants, particularly in moist meadows. At the Cuban ex- 
periment Station it has been reared (P. Cardin) from the introduced Rosmarinus 
officinalis L. and Helianthus tuberosus L. Adults have been taken on the com- 
mon sunflower. 


Clastoptera flavidorsa Metcalf and Bruner 

This striking black and yellow species was described from a single female 
taken in the higher Sierra Maestra (Metcalf and Bruner, 1925a). We have 
another female and a nymph, believed to be of the same species, taken on coffee 
(Coffea arabica) in the mountains near Jarahueca, Oriente, Oct. 10, 1935, by J. 
Acufia. This adult is identical with the type except that the tegmina are black 
rather than brown and there are a few pale markings below: a small transverse 
whitish patch on face at union of postclypeus and anteclypeus, and the posterior 
tibiae with two small spots on outer side, and greater portion of hind tarsi pale. 
The pronotum is polished and nearly smooth with only faint traces of transverse 
striae, the mesonotum weakly striate and somewhat raised except apical portion 
which is flattened. 

Clastoptera cuba Metcalf and Bruner 

Known only from a single female taken near the same locality as the foregoing, 
and of about the same size. It is tawny brown dorsad ; the face is crossed by two 
black bands, the area between yellow, above brown with dark arcs faintly indi- 
cated. 

Clastoptera caobilla n. sp. 

A small yellowish brown species, the pronotum with a conspicuous broad pale 
margin in front. 

Color: General color above yellowish brown, the head fuscous brown ; prono- 
tum brown with a broad, yellowish white margin in front, narrowed laterally 
behind eyes ; scutellum fuscous brown; tegmina light yellowish brown, the disc 
of corium behind center and apex of clavus darker. Below, brownish yellow ex- 
cept face above center which is darkened gradually to fuscous brown. 

Form: Short, robust. Head broad, very obtuse. Crown strongly rounded in 
front; front and hind margins parallel. Clypeus scarcely inflated, somewhat 
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flattened, in lateral view forming an even line with clypeus. Pronotum smooth 
indistinctly striated, about 2.3 times as broad as long medianly. Scutellum 
small, 0.8 as long as pronotum in center. Tegmina with callosity large, ap- 
parently spreading over most of first apical cell. 

Length: 2.35 mm.; width 1.3 mm. 

Holotype, male: Barrio Caobilla, Camaguey, June 25, 1927: J. Acufia, coll. 


GAETA gen. n. 


This genus superficially resembles Lepyronia Amy. and Serv. but the sub- 
marginal vein of hind wing is entire, not sinuate. 

Form broad, robust. Head nearly as broad as pronotum; crown broad and 
flat; face flat, lateral striae indistinct. Pronotum broad and flat; anterior 
margin broadly rounded; posterior margin sinuate. Tegmina broad, short; 
venation indistinct. Venation of hind wing resembling Cercopis Fabr. ; submar- 
ginal vein entire, not sinuate; a short cross vein connecting radius and media on 
the apical third and another cross vein between media and cubitus at about the 
level of the branching of radius. Hind tibiae with two lateral spines, one near 
the base short, robust, the other on the apical third elongate, robust. 

Orthotype Gaeta bifasciata n. sp. 


Gaeta bifasciata n. sp. 
(Pl. 60, Figs. 5, 14) 


A short robust species superficially resembling Lepyronia angulifera robusta 
Metc. and Brun. 

Crown broad and flat; anterior margin broadly angulate. Face flat, lateral 
striae indistinct. Pronotum broad, flat, faintly rugulose, with a row of five 
submarginal punctures on anterior margin; anterior margin broadly rounded ; 
posterior margin broadly incised. 

General color blackish fuscous ; tegmina with two broad indistinct translucent 
fascia, one at the apex of the basal third, the other near the apex of tegmina. 

Holotype, male, Somorrostro, Havana, August 20, 1935, reared from Psycho- 


tria pubescens Sw. 


Norta Carouina State COLLece, 
Rateicnu, N. C. 
Bstacion EXPERIMENTAL AGRONOMICA, 
SANTIAGO DE LAS VEGAS, CUBA. 
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DESCRIPTIONS OF PLATES 


PLATE 58 


Fig. 1. Monecphora bicincta fraterna Uhl. 
1A. Lateral view of male genitalia. 
1B. Lateral view of aedeagus. 
Fig. 2. Monecphora flavifascia Metc. and Brun. 
2A. Dorsal view of head and thorax. 
2B. Lateral view of head and thorax. 
2C. Frontal view of head. 
2D. Left tegmen. 
Fig. 3. Monecphora flavifascia Metc. and Brun. 
3A. Lateral view of male genitalia. 
3B. Lateral'view of aedeagus. 
3C. Lateral view of genital style, outer face. 
3D. Lateral view of genital style, inner face. 
Fig. 4. Cephisus siccifolius cubanus Metc. and Brun., dorsal view. 
Fig. 5. Cephisus siccifolius cubanus Metc. and Brun. 
5A. Lateral view of head and thorax. 
5B. Frontal view of head. 
5C. Right tegmen. 
5D. Ventral view of male abdomen. 
Fig. 6. Cephisus siccifolius cubanus Metc. and Brun. 
6A. Lateral view of male genitalia. 
6B. Posterolateral view of aedeagus. 
Fig. 7. Dasyoptera variegata Metc. and Brun., dorsal view. 
Fig. 8. Monecphora bicincta fraterna Uhl., dorsal view. 
Fig. 9. Neanus luteosignatus Vald., dorsal view. 
Fig. 10. Leocomia nagua Metc. and Brun. 
10A. Lateral view of male genitalia. 
10B. Aedeagus. 
10C. Lateral view of genital style. 
10D. Detail of aedeagus. 
Fig. 11. Leocomia collina Myers. 
11A. Lateral view of male genitalia. 
11B. Aedeagus. 
11C. Detail of aedeagus. 
11D. Lateral view of genital style. 
Fig. 12. Leocomia balloui Metc. and Brun. 
12A. Lateral view of male genitalia. 
12B. Aedeagus. 
12C. Lateral view of genital style. 
12D. Detail of aedeagus. 
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PiaTE 59 


Neaenus luteosignatus Vald., dorsal view of head and thorax. 
Leocomia gracilis Metc. and Brun. 


. Lateral view of male genitalia. 
. Aedeagus. 

. Lateral view of genital style. 
. Detail of aedeagus. 


Enocomia maestralis Metc. and Brun. 


. Lateral view of male genitalia. 
. Aedeagus. 


Lateral view of genital style, outer face. 


. Lateral view of genital style, inner face. 


Leocomia maestralis Metc. and Brun., lateral view of male genitalia. 
Leocomia pileae Metc. and Brun. 


. Lateral view of male genitalia. 


Aedeagus. 


. Detail of aedeagus. 
. Lateral view of genital style. 


Leocomia matanzas Metc. and Brun. 


. Lateral view of male genitalia. 
. Aedeagus. 


Leocomiopsis scaramuzzai Metc. and Brun. 


. Lateral view of male genitalia. 


Aedeagus. 


. Detail of aedeagus. 
. Lateral view of genital style. 


Enocomia maestralis Metc. and Brun., lateral view of head and thorax. 
Dasyoptera variegata Metc. and Brun., lateral view of head and thorax. 
Leocomia pileae Metc. and Brun., lateral view of head and thorax. 

Leocomia nagua Metc. and Brun., lateral view of head and thorax. 

Leocomia collina Myers, lateral view of head and thorax. 

Leocomia gracilis Metc. and Brun., lateral view of head and thorax. 
Leocomiopsis scaramuzzai Metc. and Brun., lateral view of head and thorax. 
Lepyronia angulifera robusta Metc. and Brun., lateral view of head and thorax. 
Leocomia gracilis Metc. and Brun., dorsal view. 

Leocomia nagua Metc. and Brun., dorsal view. 

Leocomia gracilis Metc. and Bran., dorsal view. 

Leocomiopsis scaramuzzai Metc. and Brun., dorsal view. 

Leocomia nagua Metc. and Brun., dorsal view. 

Leocomia collina Myers, dorsal view. ' 
Leocomia pileae Metc. and Brun., dorsal view. 

Leocomia balloui Metc. and Brun., dorsal view. 


Pate 60 


Clastoptera undulata Uhl., male, dorsal view. 
Clastoptera undulata Uhl., female, dorsal view. 
Leocomia collina Myers, dorsal view. 
Lepyronia angulifera robusta Metc. and Brun. 


. Lateral view of male genitalia. 

. Aedeagus. 

. Lateral view of genital style, outer face. 
. Lateral view of genital style, inner face. 


Gaeta bifasciata Metc. and Brun., dorsal view of head and thorax. 
Clastoptera undulata Uhl., lateral view of male genitalia. 
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Fig. 7. Clastoptera stolida Uhl., lateral view of male genitalia. 
Fig. 8. Lepyronia angulifera robusta Metc. and Brun., female, dorsal view. 
Fig. 9. Lepyronia angulifera robusta Metc. and Brun., male, dorsal view. 
Fig. 10. Enocomia maestralis Metc. and Brun., dorsal view. 
Fig. 11. Leocomia nagua Mete. and Brun. 
11A. Dorsal view of head and pronotum. 
11B. Frontal view. 
11C. Lateral view of head and thorax. 
11D. Left tegmen. 
11E. Left wing. 
11F. Mesonotum. 
11G. Male abdomen. 
11H. Female abdomen. 
11I. Hind leg. 
Fig. 12. Dasyoptera variegata Metc. and Brun. 
12A. Lateral view of male genitalia. 
12B. Aedeagus. 
12C. Detail of aedeagus. 
12D. Lateral view of genital style. 
12E. Lateral view of genital plate. 
Fig. 13. Clastoptera stolida Uhl., dorsal view. 
Fig. 14. Gaeta bifasciata Metc. and Brun., lateral view of male genitalia. 


PuateE 61 


Fig. 1. Leocomia collina Myers, dorsal view of head and thorax. 

Fig. 2. Leocomia gracilis Metc. and Brun., dorsal view of head and thorax. 
Fig. 3. Leocomia fulva Metc. and Brun., dorsal view of head and thorax. 

Fig. 4. Leocomia maestralis Metc. and Brun., dorsal view of head and thorax. 
Fig. 5. Leocomia balloui Metc. and Brun., dorsal view of head and thorax. 
Fig. 6. Leocomia pileae Metc. and Brun., dorsal view of head and thorax. 
Fig. 7. Leocomia matanzas Metc. and Brun., dorsal view of head and thorax. 
Fig. 8. Leocomia grisea Metc. and Brun., dorsal view of head and thorax. 
Fig. 9. Leocomia nagua Metc. and Brun., dorsal view of head and thorax. 
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ORIGIN AND DEVELOPMENT OF THE LOWER CAPE FEAR 
PENINSULA 


By B. W. WELLs 
Puates 62-64 


INTRODUCTION 


Late Pleistocene deposits have been little studied in North Carolina. In 
the southeastern corner of the state where the ocean is in direct contact with 
the mainland, no intensive studies have been made on the superficial sediments 
in the two counties involved; viz., New Hanover and Brunswick. Since such 
mainland deposits now exposed by the erosion of the ocean are very restricted 
in North Carolina, a detailed report on the only one north of Cape Fear which 
is exposed as a sea cliff, is desirable because it gives the key to the origin and 
development of the peninsula. The horizons shown here may furnish a basis 
for working out the complete story of the development of the lower peninsula. 


THE FOUR HORIZONS 


For about a half mile between the Kure’s Beach fishing pier and the Ethyl 
Dow Bromine Plant to the north (Pl. 62), the ocean shore is not lined by the 
familiar wind-made dunes but is a nearly vertical cliff in which 4 layers show 
progressively decreasing consolidation upward (Pl. 64) and in other characters 
exhibit differences which indicate that each lies unconformably on the preceding. 
Since these strata occur so far from other coastal ones which have been studied 
(Florida, New Jersey) no correlation is possible, hence the names given below 
have no significance other than local identification. 

The 984 yards of exposure as shown in Plate 63 is of course presented in an 
exaggerated vertical scale. The maximum thickness of exposure is slightly 
over 9 feet near profile 3. 

Kure Sandstone. This layer constitutes a hard base layer with its surface 
averaging about 1 foot above the high tide level. It is of medium texture, 
infiltrated in its upper few feet, with organic matter and iron and sufficiently 
consolidated above to be classified as rock. It is so resistant to the sand- 
filled wave and current erosion as to form a shelf extending out into the strand. 
At the Bromine Plant Intake excavation it was noted that this coarse brown 
sand was exposed for 14 feet without the base being reached. An even greater 
depth of 18 feet was noted at the excavation for a catch basin at Carolina Beach, 
2 miles to the north. Below the upper 4-5 feet containing organic matter, 
the layer is unconsolidated, the cementing of the sand being definitely correlated 
with the dark organic matter in it. The layer is remarkably uniform through- 
out its known extent. 

The upper 10-18 in. of the Kure sandstone is not black like the 24 in. below 
it. It has a deep brown color indicating a high iron content. The organic 
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matter content of this upper zone is 6.8% while the zone immediately beneath 
contains 15.5%. 

This difference may be ascribable to leaching, since the layer immediately 
above the brown low organic zone is a highly leached zone of the next deposit. 

The complete absence of pollen at the top of this stratum shows the origin 
of the organic material to be wholly from swamp tree roots. This fact also 
indicates that the original surface of the deposit has been removed for such 
a heavy swamp forest cover would certainly have formed a layer of peat. 

On the basis of the data so far obtainable, the Kure sandstone lies uncon- 
formably on a coquina rock, here designated the Cape Fear coquina. The 
distribution of both of these in the lower peninsula is shown in Plate 62. 

The texture of the upper brown zone is as follows: 


I NE a ia ile aoahg aaa aa eg cto ie eens ies goa ie ena ee 0.16 
a, san week itn a's SMP Omi Cd gig amit akin wd ata kg be Er aan Ge 8.88 
ES os hy a canch nd 6 tak a woke he ae et eee ake conten ee 57.61 
maps tha. ES, SV ee CA AE a 31.71 
ee OS. 285. 26. Seite eh it a Saat. ees 40d. dia 1.62 

99.98 


Castalia Sand. Lying unconformably on the preceding layer is a stratum 
of medium sand exhibiting marked variations in thickness, consolidation, and 
color. 

The variations in thickness shown in the complete profile sketch (Pl. 63) 
are due of course to an early erosion cycle. The original depth of the layer 
was probably much greater than now shown at any point. 

The consolidation is to be correlated with both the organic and the iron content. 
Between profiles 8-9 a thick, hard promontory is observed, low in organic 
matter, but high in iron. A large part of the layer is poorly consolidated, 
consisting of gray, dark mottled medium sand. 

The regions in this layer of especial interest are those indicated by the 
dark stippling (Pl. 63) and which indicate former basins in which lily ponds 
were formerly present. Because of the uniform presence of water lily pollen 
in the basal zone of these dark layers, the stratum has been named the Castalia 
sand. This layer contains 27.27% of organic matter which is not high enough 
to classify this stratum as peat. It is best described as peaty sand. 

The peaty sand at no point extends downward and makes contact with 
the Kure sandstone. There are always a few to many inches of light carbon- 
free, loose sand which constituted the original pond basin. Where it is thin 
as at profile 4 it is most free of carbon, being, when dry, a loose white sand, 
comparable to dune sand. The almost complete absence of organic matter 
in it is probably related to intensive leaching action of ground water moving 
over the surface of the impermeable Kure sandstone. 

The mechanical analysis of a sample of the Castalia sand taken at profile 
4, level E, is as follows: 
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Fine gravel. .... Ria crcsit ce dias < ened <ecirh Velioy ehh aa tei ait ey oe A fo ei -28 
BE Ca el We AE RO AE a i RC 10.77 
IES rich's Cs aes h 500 «att od airr ta Cavan cin eee Peete 46.98 
POI, soon ree os TIO a SCE T Ee oe Ou eT e Piper as 29.45 
WO RO 5366 eS re eae SB Cet TE at ee CAA 12. 
100.02 


Profile 4 was chosen for a detailed pollen analysis, slides being prepared from 
samples taken from zones B-F (Pl. 63). Certain check samples from profiles 
2 and 3 were entirely consistent with the results found in 4. 

In the pollen analysis of the four zones (C—F) only F was found to contain 
any significant amount of pollen. The percentages are shown in the following 
table based on a count of 200: 


% 

CORP UP ES Ste 1 Myrica cerifera................. 5.5 
Ges $526 lad. Ske 3. Pi Seiden dak: 1 
Cephalanthus................... 2.5 ra gee rt ogy ae gt ee 5 
SRO FN TET Oe 11. SS Te aww shinee Sten 5.5 
nn esha re hd 11.5 TSEC aad be pe oats Jp 5 
i er: Nig nag ge 8. er bn ote aoe g 1 
POON FOS RR 1 Wee TIS. ATOR 5.5 
Ilex vomitoria.............:... 44 


The presence of water-lily pollen indicates the former open fresh water pond 
character of the locality with border shrubs as button-bush and heaths. Of 
especial interest, however, is the remarkably high percentage of yaupon (Ilex 
vomitoria) a seaside spray-resisting shrub which exists as a dominant only in 
spray zones since it cannot compete with the common inland shrubs and trees. 
At the time of initiation of the pond basin, the ocean could not have been far 
away for the present spray zone in this region is but .2 of a mile wide. This 
fact, however, definitely pushes back the ocean’s presence here to an earlier 
cycle and not the present advance. 

The two upper layers C and D show no yaupon pollen. Pine was frequent 
and the few others found were pollens not seen in the lowest zone of this profile 
of the Castalia sand. 

The almost complete change in pollen content in this stratum indicates a 
long period of time involved in its deposition accompanied by pronounced changes 
in the vegetation of the area. 

Two similar lily pond basins have been noted in the Castalia sand exposed 
in the nearby Inland Canal cut. These are deeply buried at certain points 
under 6 or more feet of loose coarse sand, a fact of much importance in relation 
to the age of this stratum. 

The Pine Sand. Lying unconformably on the Castalia sand is a poorly con- 
solidated stratum of highly variable thickness with but thin superficial peaty 
medium sand deposits in its upper zone, a stratum most significantly char- 
acterized by the presence in it of numerous well preserved pine tree roots, relicts 
of a forest which grew before the salt spray intensity was increased by the ad- 
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vancing sea. The organic matter content is low, the superficial dark layer at 
profile 1 being but 7.5% with but 2.4% evident below it. The mechanical 
analysis of a sample from the middle of the layer is as follows: 


% 
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The Galveston Sand. The thin overlying top stratum of sand is included 
in the recent Galveston sand (Soil Survey name) of the shore dunes even though 
it contains some humus (salt grass) and does not occur in dune form. The 
layer is very thin, unquestionably representing recent wind-deposited sand from 
the adjacent strand. 


The Cape Fear Coquina. This rather heavily sanded shell rock is known to 
underlie the Kure sandstone or the deeper unconsolidated phase of this stratum. 
In fact this coquina constitutes the backbone of the lower peninsula. It out- 
crops on the sea front between Fort Fisher and Kure’s Pier. It forms the off- 
shore submerged Sheephead Rock. Richards! states the Cape Fear coquina 
is the most northerly Pleistocene coquina found on the east coast of the United 
States. He believes it to be of Pamlico age. Plate 62 indicates its extent near 
the surface on the bases of known exposures. Throughout most of its area 
its surface is but a few feet above mean sea level but where the Inland Canal 
cuts across it, the top attains an altitude of 22 feet above mean sea level. 

Before closing the description of these horizons, attention should be called 
to the fact that at the south end of the exposure the layers have been removed 
above the underlying base sandstone by erosion. In contrast at the north end 
the layers including the base layer dip below the high tide level. 


DISCUSSION 


The primary purpose of this paper is to describe these Cape Fear deposits, 
the first on the Peninsula to be studied. The final solution of the problem of 
their place in the sequence of recent changes in ocean level must wait until 
more extended studies have been made throughout the peninsula. However 
on the basis of superficial surveys of the organic deposits in other parts of the 
lower Peninsula, a tentative interpretation of the Kure’s Beach profile is briefly 
presented here, based upon Cook’s theory concerning the changes of ocean 
level in recent time. 

The data this far collected indicate the origin of the oldest of the surficial 
structures of the Cape Fear Peninsula, goes back to the Talbot sea. The 


1 Richards, Horace G. Fauna of the Pleistocene Pamlico Formation of the Southeastern 
Atlantic Coastal Plain. Bull. Geol. Soc. Am. 47: 1611-1656. 1936. 
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Cape Fear angle was already present with the result that coarse shoal sands 
and shells were accumulated much as the present Frying Pan shoals are accumu- 
lating today off the present sharp angle tipped by Smith Island. At some 
period during the falling Talbot sea in what is now the middle region of the Pen- 
insula a great mass or ledge of shells and sand was formed which is recognized 
in this study as the Cape Fear coquina. 

During the early phase of the fall of the water to the minus 60-foot level 
(Cook’s Iowan Glacial Stage)? channels established by the stronger northeast 
winds, were cut in this rock. 

On the lower and flatter seaward inter-channel areas a mantle of coarse sand 
was left on the coquina which, during the iong interval before the Pamlico sea 
appeared, became heavily impregnated with organic matter from the roots of 
swamp forest trees. This is the Kure sandstone described. 

The origin of the peaty sand stratum lying unconformably on the Kure 
sandstone is the most problematical of all of the five strata known to occur in 
this area. It is composed of dune or wind-blown sand and which must be 
correlated with the return of the sea to the vicinity. This is indicated by the high 
percentage of yaupon (Ilex vomitoria) pollen in the peaty base level of the 
stratum. Cook’ suggests a halting or stabilization of the sea at about its 
present level on its rise to the +25 ft. level of the Pamlico invasion. Such 
a stabilization could be correlated with the shoreward migration of the dune 
zone with the subsequent damming up of fresh ponds like those demonstrated 
by the pollen analysis of the Castalia sand. 

The later Pamlico rise eroded and modified the Castalia landscape and with 
descent of the Pamlico sea-the Pine sand stratum was left overlying the lower 
remnant of the Castalia sand. The Pine sand appears to be continuous with 
the larger sand masses or the Pamlico shoal sands which are to be noted $ mile 
west. On this sand, up to recent decades, grew an extensive forest of massive 
pines, whose tap roots are still present. Large pines at the present do not occur 
closer than } of a mile from the sea on account of the scorching action of the salt 
spray carried by the high winds. Hence this forest may be dated back but 
a century or two. 

The thin surface layer of Galveston sand is obviously a wind deposit, thin 
because only the higher winds can lift the sand vertically to the cliff top. 

Observations made at the Inland Canal section disclose the same strata and 
fully confirm the interpretation offered here based on the detailed study of the 
Kure cliff. 

Smith Island with its largest subdivision Bald Island, is to be regarded as 
the terminus of the Cape Fear Peninsula. No such stratification, as described 
above, has occurred. All the evidence indicates that this expanded lower end 
of the Peninsula is recent or formed since the fall of the Pamlico sea. 


2 Cooke, C. Wythe. The Pleistocene Horry Clay and Pamlico formation near Myrtle 
Beach, 8. C. Jour. Wash. Acad. Sci. 27: 1-5. 1937. 
3 Cook, C. W. Op. cit. 








134 JOURNAL OF THE MitTcHELL Society [December 


ACKNOWLEDGMENT 


For a few of the analyses presented, the writer is indebted to his colleague, 
Dr. I. V. Shunk. 


SUMMARY 


From a study of stratification and relative consolidation of the sands exposed 
on the mainland sea front of the Cape Fear Peninsula, it is believed the origin 
of the lower half of the Peninsula goes back to the falling Talbot sea in which 
the Cape Fear coquina was formed rather than in the later Pamlico sea. On 
this was left the sand which, in the long interval between the Talbot and Pam- 
lico seas, became filled with humus. The next upper two strata are related 
to the rise and fall of the Pamlico sea. Smith Island is entirely post Pamlico 


in age. 


State COLLEGE, 
Ra.eieu, N. C. 


EXPLANATION OF PLATES 62-64 


PLATE 62. Map of lower Cape Fear Peninsula showing distribution of peat, peaty sand 


and coquina exposures. 
P.aTE 63. Profile of strata exposed on sea front at Kure’s Beach and Pier. 
Puiate 64. Kure’s Beach Cliff showing differential consolidation of the 4 strata de- 


scribed. Taken shortly after tropical storm of August 1, 1944. 
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CONCERNING THE EXISTENCE OF A BIAXIATE TYPE OF BRAIN 
AND ITS PROBABLE RELATION TO MENTAL 
DEFICIENCY* 


By W. C. GEorRGE 
Wirxn Two Text Ficures 


The conception of a biaxiate type of brain in an externally normal appearing 
individual is a novel, if, indeed, not an entirely new conception in the science 
of neurology. The normal mammalian central nervous system has a lon- 
gitudinal axis marked in the embryo by a dorsal roof plate and a ventral floor 
plate separating the right and left walls of the neural tube (Fig. 1-A). The 
type of anomalous brain discussed here is marked by the presence of two floor 
plates with a mid-ventral ridge of nervous tissue between them (Fig. 1-B). 
This median ridge of nervous tissue is interpreted as representing the conjoined 
incomplete medial brain walls of a partial twin terata. 

The basis of this paper is a pig embryo of about six weeks fertilization age. 
It presents apparently normal external features:—normal bilaterality of body, 
paired appendages, paired eyes and ears, and a single nose; but internally it 
presents evidence of partial twinning. Study of the detailed morphology of 
the specimen revealed that it had a notochord that was single and normal below 
the level of the second thoracic vertebra, and all other structures were normal 
below this level; but rostral to the secofid thoracic vertebra the notochord 
divided into two prongs which diverged slightly from the median axis. Through- 
out the extent of the region of bifid notochord there was evidence of complete 
or partial pairing of. some other structures. 

I wish to call your attention to certain features of outstanding neurological 
interest. There were paired embryonic pituitary glands, one located near the 
tip of each prong of the notochord. Instead of a normal median floor plate 
and ventral sulcus in the brain and upper spinal cord there were paired floor 
plates and sulci dorsal to the paired notochordal prongs. These are the two 
axes of that part of the central nervous system. Lying between these two axes 
there is a thickened mass of nervous tissue interpreted as representing fused 
medial walls of two conjoined brains. Being median and ventral it is probably 
entirely of basal plate origin and hence would be motor in nature. Sensory 
material of alar plate origin is apparently absent from the medially conjoined 
brain walls which are incomplete dorsal to the median ridge. From the median 
ridge of tissue six anomalous nerves emerge ventrally in the mid-line. These 
lie approximately midway between the corresponding lateral normal cranial 
nerves II-VII and are interpreted as being the conjoined efferent fibers of 
medial counterparts of the lateral nerves. 


* This paper was presented before the American Association on Mental Deficiency, 
Philadelphia, May 12, 1944. 
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Special attention is directed to two of these anomalous nerves. First, inter- 
mingled in part with the fibers of the anomalous oculomotor nerve are other 
fibers which arise to the right and left of the midline. They decussate and pass 
out laterally from the ventral surface of the median thickened ridge. They 
presumably represent medial trochlear nerves. It will be recalled that normally 
the axones of the trochlear nerves grow up through the side walls of the midbrain, 
decussate and emerge in the roof on their way to the eye muscles. Since the 
medial walls of these conjoined brains are incomplete the anomalous trochlear 
nerve fibers cannot pursue a course through their own brain wall to the roof. 
Although the substance of the conjoined brain is present for the fibers to grow 
through, they do not do this. Their failure to do so seems to me to be a fact 
of some significance. It suggests that when the fibers reach the substance of 
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Figure I-A. Figure I-B 


Fig. 1-A. Diagramatic transverse section of a normal embryonic neural tube. 

Fic. 1-B. Diagramatic transverse section of a biaxiate type of neural tube. The broken 
lines indicate the missing parts of the medial walls of the conjoined twin brains. Lateral 
nerves are shown and a conjoined median nerve arising from the median ridge of nervous 


tissue. 


the conjoined opposite brain, they meet some obscure morphological or phys- 
iological obstruction that causes them to emerge from the brain wall instead 
of continuing in the substance of the other brain to the dorsal surface. Second, 
a nerve emerges ventrally from the floor of the diencephalon about midway 
between the paired infundibular rudiments. The only fibers known to me that 
might be expected to grow out of the ventral wall of the diencephalon are the 
postulated efferent fibers of the optic nerve. In addition to the anatomical 
evidence to indicate that centrifugal fibers which have their cells of origin 
in the anterior corpora quadrigemina pass from the brain through the optic 
nerve, Arey (1916) has experimentally demonstrated the presence of such 
nerves in some fishes. 

With regard to the embryogenesis of the specimen I will say here only that 
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my conclusion is that a retardation or an acceleration of the rate of development 
at the critical primitive knot stage caused the initiation of two growing points 
on the primitive knot and hence the production of two head processes. These 
two head processes differentiated into the two prongs of the notochord, and, 
in accordance with the experimentally demonstrated capacity of young noto- 
chordal tissue, they induced the formation of two neural plate axes in the over- 
lying ectoderm. For further consideration of the morphology and morphogenesis 
of the specimen see my earlier paper (George, 1944). 

Two questions arise, no doubt, in your minds. (1) To what extent might 
one expect such biaxiate brains to occur? In answer to this first question, 
I will say that I know of three other cases in the literature (Harman, 1923, 
Terni, 1925, McCall, 1943) that I think are essentially like the one under consid- 
eration. Thanks to Dr. Wendell J. S. Krieg, I have had an opportunity to 
examine McCall’s specimen and it is almost a duplicate of my embryo. It 
seems certain that such specimens are rare, but possibly not so rare as the few 
recorded cases indicate. Unless they got the attention of interested embryol- 
ogists, such specimens would go unrecognized or be ignored, especially since 
the conception of a biaxiate brain is new and its significance has never. been 
discussed so far as I know. It seems likely that human embryos of this type 
might survive fetal life, but being externally single the partially dual nature of 
the brain would not be recognized. (2) The second question that arises in 
my mind, and doubtless in yours, is Would an embryonic biaxiate brain differen- 
tiate into a mature brain very different from normal, and in what respects might 
we expect it to differ from normal? In answer to this question,we enter the 
realm of speculation. Speculation is legitimate if it is recognized that spec- 
ulation is not knowledge, but only a step in searching for knowledge. 

It seems to me probable that a postnatal individual with a biaxiate. brain 
as described would show mental deficiency, or, at any rate, considerable mental 
abnormality. My assumption of probable mental abnormality is based upon 
the belief that normal mental efficiency is dependent upon an adequate commis- 
sural connection between the cerebrum and end organs and an approximately 
normal integration of activity of the two sides of the cerebrum. Should we 
expect such connections and integration in a brain of this kind? It will be 
recalled that in the process of development, neuroblasts in the side walls of 
the neural tube develop into neurones to form the various nerve centers and 
reticular formations. Furthermore, processes from many of these neurones 
grow across the mid-ventral line through the floor plate to form the various 
ventral decussations and through the roof plate to form the dorsal decussations. 
Some of the more important afferent ventral decussations are: 

(1) The decussation of the olivo-cerebellar fibers which probably function in 
effectuating the more refined movements, especially of the hand. : 

(2) The sensory decussation of the medial lemniscus, which is a complete crossing 
of internal arcuate fibers from the nuclei gracilis and cuneatus making contra- 
lateral connection between sensory reception of one side of the bony and the 
opposite side of the cerbral cortex and consciousness. 
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(3) Decussation of the trigeminal fibers makes crossed connection between 
the area innervated by the trigeminal nerve and the sensory cerebral cortex. 

(4) The trapezoid decussation, which serves to establish partially crossed 
connections in the auditory pathway to the cerebral hemispheres. 

Among the efferent ventral decussations are: 

(1) The decussation of the pyramidal, or corticospinal, tracts, which make 
contralateral connections between the cerebral cortex and the somatic musculature 
of the opposite side. 

(2) The pontile decussation, which establishes a crossed connection between 
the cerebral cortex of one side and the opposite lateral lobe of the cerebellum. 
It serves the purpose of conscious synergic control of skilled movements. 

(3) The decussation of the brachium conjunctivum for regulation of muscle 
coordination and tone. 

Although final knowledge must await detailed examination of more mature 
biaxiate brains, it seems likely that anatomical and physiological features 
incident to the biaxiate condition would interfere with normal development 
of the ventral decussations and possibly of the dorsal ones. You will recall 
that there is a ventro-median ridge of nervous tissue between the right and left 
side walls in my embryo. The nerve processes growing from one side of the 
brain towards the other would encounter this median ridge of material and the 
mechanical obstruction might deflect the processes from their normal course 
to the opposite side of the brain, or the partial dicephalous nature of the brain 
and the existence of two physiological as well as morphological axes, might 
cause physiological interference with the growth of neurones and integration 
of nervous activity. As a probable illustration, you will recall that the fibers 
of the anomalous trochlear nerve emerged from the neural tube when they 
reached the substance of the opposite conjoined brain instead of pursuing a 
course in its wall to the dorsal surface as occurs in a normal brain. It may 
be accepted, no doubt, that the kind of nervous system that develops in a par- 
ticular organism is primarily a matter of hereditary constitution, but anatomical 
and physiological conditions within the growing embryo undoubtedly influence 
the outcome of the hereditary potentialities. 

This is not the place for a review of the data concerning the factors that 
determine the direction of outgrowth of nerve processes in the neural tube, 
but brief reference to statements of some scientists who have investigated 
the subject is perhaps appropriate. Child (1921) says that “the directed growth 
of the nerve fiber is not a matter of independent choice, but must itself be de- 
termined by physiological conditions ....” Coghill (1929) points out that in 
the embryonic neural tube, axones of both motor and sensory neuroblasts 
grow towards regions of high metabolic activity and dendrites grow towards 
regions of lower metabolic activity, and states that he and Child are in agreement 
upon the general principle that the orientation of neurones in growth is cor- 
related with metabolic gradients. 

Harrison (1935, p. 168), after reviewing various evidence in his Croonian lec- 
ture, says: ‘The foregoing descriptions show some of the ways in which the con- 
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figuration of the medium may affect the direction of growth and the arrangement 
of cells and nerve fibers. They show at the same time some of the possible 
complications of relatively simple conditions and the great difficulty of separating 
chemical, electrical and mechanical factors even in such a simple environment. 
The evidence for the direct action of chemical and electrical factors is meagre 
and not rigorously proved. While the evidence for the influence of the structural 
arrangement of the medium, both visible and ultramicroscopic, rests on a firmer 
foundation, it is not certain whether such factors act directly or through the 
mediation of induced conditions of some other nature.” 

There seems to be less grounds for anticipating any considerable abnormality 
in the commissural connections between the two hemispheres. No thickened 
mass of nervous tissue is present in the lamina terminalis to serve as a mechanical 
obstruction to the growth of the transverse fibers, and it may be likely that 
the existence of the two axes would be physiologically less disturbing to growth 
processes at this anterior tip of the neural tube. I suggest the possibility, 
however, that the existence of two physiological axes might bring about a 
greater independence of action of the two hemispheres than in a normal brain 
and a consequently greater conflict in mental processes. 

Another point of interest is the possible relation of this type of anomaly to hemi- 
hypertrophy. Arnold Gesell (1921, 1927) calls attention to the rather high inci- 
dence of mental subnormality in hemihypertrophy, which he interprets as a mini- 
mal form of twinning. His support of this interpretation is wholly, or at least 
largely, speculative, and he acknowledges that the details of the mechanism for 
the production of the condition are not understood. Although there is no solid 
evidence to support a relation between hemihypertrophy and minimal twinning, 
the existence of a biaxiate type of brain should be kept in mind in considering 
the etiology of the condition. The existence of two somewhat isolated phys- 
iological centers in the brain could conceivably disturb the bilateral symmetry 
of growth through the trophic influence of the peripheral nerves on the tissues. 
In this connection it seems worth-while to call attention to a recent paper of 
Penfield and Robertson (1943), who point out that decrease in growth of one 
side of the body, or of one member, may result from a lesion of the corresponding 
portion of the spinal cord at an early age or from a large birth injury of the 
opposite hemisphere of the brain. Following the report of some cases, Penfield 
and Robertson say ‘“‘On the basis of these examples, we feel justified in assuming 
that the postcentral cortex has an influence on the growth of the opposite side 
of the body and that this influence has a localization closely approximating 
that of cortical sensation’ (p. 409). 

In spite of the extreme rareness of reported embryos of this type and the 
complete absence of recognized individuals after birth, they may be more 
commonly developed than we suspect. Many cases of somewhat more ex- 
tensive partial twinning are known (cases that reveal themselves as varied 
degrees of duplicity of the head and face), but the lack of external anomalies 
would prevent recognition of such cases as I have reported. Some may be 
discovered if the right people know of the possibility of their occurrence. 
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I have been interested in presenting the case to you because of the seeming 
probability that some postnatal cases of this type would find their way to 
institutions for the nervously abnormal. In view of the partial doubling and 
unusual broadness of the brain in the embryo, one might expect an unusually 
broad head and face, eyes far apart, and broad nose. Since a double hypophysis 
is a feature of these specimens, a radiologic examination should be made for 
double sella turcica in suspected cases. If any such cases ever come to autopsy, 
there would be considerable interest in a study of the brain, especially of the 
transverse commissures. 
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PHENOGENETIC STUDIES OF THE HOMOEOTIC MUTANTS OF 
DROSOPHILA PSEUDOOBSCURA 


I. ARISTAPEDIA-DOBZHANSKY AND ARISTAPEDIA-SPASSKY! 
By Ciaupe A. VILLEE 
Wir Firreen Text Figures 


The phenomenon of homoeosis, the alteration of one member of a segmental 
series from its own characteristic form to that of some homologous member 
of the series, is of interest because it provides a tool for the analysis of the 
development and differentiation of the partsinvolved. A review of this phenom- 
enon and a discussion of some of its implications in embryology, comparative 
anatomy and evolution have been given previously (Goldschmidt, 1940; Villee, 
1942c). A number of homoeotic mutants of Drosophila melanogaster are known: 
bithorax (Bridges and Morgan, 1923), aristapedia (Balkashina, 1929), tetraptera 
(Astauroff, 1929), proboscipedia (Bridges and Dobzhansky, 1933) and tetraltera 
(Villee, 1942b). Aristapedia and bithorax mutants have been found in several 
other Drosophila species, among which are the pseudoobscura alleles used in 
this study. The phenotypes of many Drosophila mutants may be altered by 
exposing the developing larvae and pupae to extreme heat or cold. The effect 
of temperature variations on the penetrance of a homoeotic mutant was first 
reported by Astauroff (1930), who found that the penetrance of tetraptera (a 
mutant in which the halteres are changed into wings) varied from 1% at 17° 
C. to about 35% at 25°C. Villee (1942b) found an inverse relationship between 
temperature and penetrance in tetraltera (a mutant in which the wings are 
changed into halteres), the penetrance ranging from less than 1% at 35° C. 
to over 35% at 144°C. This variation in penetrance was shown to be due 
not to the temperature itself but to the increase or decrease in the total time 
of development produced by the low or high temperature. 

The striking effects of high and low temperatures upon the development of 
the aristapedia alleles of Drosophila melanogaster were discovered by Villee 
(1942a, 1943a, b). Aristapedia is a recessive mutant (chromosome 3, locus 
58.5) which changes the antennae into tarsus-like structures complete with 
claws. Aristapedia-Bridges is a lesser allele which transforms only the base 
of the antenna into a tarsus under normal conditions; the distal part of the 
arista is normally plumose. Villee showed that cold treatments given to larvae 
shift development toward the tarsus phenotype, increasing the expression of 
aristapedia-Bridges up to a maximum which is identical with aristapedia. 
Heat treatments shift development toward the arista phenotype, decreasing 
the expression of aristapedia more or less to that of aristapedia-Bridges, and 
decreasing that of aristapedia-Bridges almost to wild type. 


1 I want to express my appreciation to Professor Dobzhansky and Mr. Spassky of Colum- 
bia University for generously making available the aristapedia stocks used in this study. 
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Cold treatments given to proboscipedia larvae (Villee, 1943d, 19442) shifted 
development so that only arista-like appendages were found in place of the 
oral lobes and heat treatments applied similarly shifted development in the 
opposite direction so that only tarsus-like appendages appeared in place of the 
oral lobes. Similar experiments with bithorax (a mutant which tranforms the 
halteres and metathorax into wings and mesothorax) (Villee, 1943c, 1944b) 
revealed that heat treatments shifted development of the dorsal metathoracic 
appendage toward the wing phenotype; cold treatments shifted development 
toward the haltere phenotype. The bearing of these experiments on Gold- 
schmidt’s (1938, 1940) theory of the action of homoeotic loci has been discussed 
previously (Villee, 1943b, 1944a, b). 

The discovery of aristapedia mutants in Drosophila pseudoobscura suggested 
a phenogenetic investigation of their development to see how similar are the 
developmental systems in the two species. A preliminary report of the results 
has been given elsewhere (Villee, 1944c). 


MATERIALS AND METHODS 


The mutant aristapedia-Dobzhansky (symbol ar”) was found in a complex 
cross made in Dobzhansky’s laboratory of a strain from Pachuca, Mexico, 
to one from Andreas Canyon, California; it appeared in a test of the second 
chromosome in which the Ba or Cy stock was used. A second mutant was 
found later in an inbred line from Pinion Flats, California, and named aristapedia- 
Spassky (symbol ar®). The allelism of these two mutants was demonstrated 
by Spassky and confirmed by the author. A previous aristapedia allele was 
found by workers at the Institute of Animal Genetics in Edinburgh, but no 
stock of it is available in this country, so it is impossible at present to test for 
allelism. However, Spassky (private communication) has found that these 
aristapedias are in the second chromosome and it is most probable that they 
are alleles of the original aristapedia (symbol ar) which was found to be at about 
locus 32 in Chromosome II. 

Both aristapedia-Dobzhansky and aristapedia-Spassky exhibit a wide variation 
in phenotype and it was found that these variations could be classified in eight 
groups similar to those set up for the melanogaster aristapedias (Villee, 1943b) 
(figs. 1-8). Type 1 is the lowest expression of the gene in which only the smallest 
proximal portion of the arista is changed and is thickened and fleshy, the distal 
part is normally plumose. In type 2, slightly more of the proximal part, about 
one-sixth of the total length of the arista, is leg-like, and the distal part is like 
a normal arista. Type 3 includes aristae in which the proximal one-third is 
leg-like. In type 4, about one-half of the arista is leg-like and the distal half 
is arista-like but it is not as plumose as normal. The aristae of type 5 flies 
are about three-fourths leg-like. Type 6 aristae have only the small distal 
tip arista-like, the rest of the appendage consists of a four- or five-segmented 
tarsus. The aristae of type 7 are completely leg-like except they lack claws 
and pulvilli at the tip; the tip is rounded instead. Type 8 appendages are 
complete four- or five-segmented tarsi with claws and pulvilli on the tip. 
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Most aristapedia~-Dobzhansky flies raised at normal temperatures have a 
type 8 phenotype (fig. 9). The phenotype of aristapedia-Dobzhansky is almost 
identical with that of the original melanogaster aristapedia. The basal segments 
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Figs. 1-8. Anterior dorsal views of the series of aristapedia antennae from Drosophila 
melanogaster. 
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Fig. 
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1. Type 1 aristapedia antenna, only small proximal portion of arista tarsus-like. 
2. Type 2 aristapedia antenna, about one-sixth of arista tarsus-like. 

3. Type 3 aristapedia antenna, about one-third of arista tarsus-like. 

4. 
5 
6 
7 


Type 4 aristapedia antenna, about one-half of arista tarsus-like. 


. Type 5 aristapedia antenna, about three-fourths of arista tarsus-like. 
. Type 6 aristapedia antenna, only distal tip of arista arista-like. 
. Type 7 aristapedia antenna, completely tarsus-like except for absence of claws and 


pulvillus. 
Type 8 aristapedia antenna, completely tarsus-like including claws and pulvillus. 


of the antenna are changed in this and in the other higher phenotypes to a leg- 
like rather than an antenna-like condition in addition to the changes in the 
arista described above which are the basis for classification. 
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The phenotype of aristapedia-Spassky flies differs from that of aristapedia- 
Dobzhansky in several ways (figs. 10, 11). The tarsus which replaces the 
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Fic. 9. Anterior view of head of aristapedia-Dobzhansky fly, showing eyes and type 8 
antennae. Note claws at end of appendage. 





Fie. 10. Anterior view of head of aristapedia-Spassky fly, showing type 8 antennae. 
Note claws, slimness of appendages and essentially unchanged condition of the three prox- 
imal. segments of the antennae. 


arista in aristapedia-Spassky is considerably narrower than that of aristapedia- 
Dobzhansky. The three basal segments remain antenna-like. The appendage 
is segmented, covered with bristles and claw-tipped, however, and shows a 
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range of phenotypes from 1 to 8 based on the amount of arista changed. A type3 
aristapedia-Spassky fly therefore is not identical with a type 3 aristapedia-Dob- 
zhansky fly, but both of them have the proximal one-third of the arista changed 
and tarsus-like and the distal two-thirds is more orless normally plumose. In 








Fig. 11. Anterior view of head of aristapedia-Spassky type 4 fly. 








Fic. 12. Anterior view of head of wild type (Seattle 101+) Drosophila pseudoobscura fly. 


aristapedia-Spassky as in other aristapedias, the transition zone between any 
proximal tarsus-like section and distal arista-like section is narrow and sharply 
defined. Fig. 12 shows the antenna of a wild type (Seattle 101+-) fly for com- 
parison. 

In both high and low temperature experiments, large numbers of male and 
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female stock flies were placed in half-pint culture bottles containing the usual 
corn meal-agar-molasses medium and left for 2-hour egg-laying periods. The 
parents were then removed and the bottles kept at 22°C. until the temperature 
treatments were applied. After the treatments, the bottles were returned 
to 22°C. until the imagines hatched. 


a. Effect of cold treatments on the development of aristapedia-Spassky 


Experimental groups of three bottles each were prepared as described above 
and placed in an incubator regulated at 15°C. beginning 0, 1, 2, 3, 4, 5, 6, or 
7 days after the eggs were laid and continuing 1 to 12 days. A total of 31 
groups of three bottles each were given cold treatments of varying lengths 
begun at various times during development. Six bottles were kept at 22°C. 
throughout development as controls. The adults were classified as to type 
of appendage as they hatched, and the results of the counts of the three bottles 
were combined and are given in table 1. There were 2,825 flies in the 31 ex- 
perimental groups. It can be seen that cold treatments begun anywhere from 
0 to 5 days after development begins were able to increase the expression of 
the gene, i. e., increase the shift from the arista to the tarsus phenotype, but 
treatments begun 6 or 7 days after development begins were unable to cause 
this shift. The amount of the increase in expression is roughly proportional 
to the duration of the treatment up to 2 to 4 days, after which continued treat- 
ments either cause no further increase or may even cause a decrease, To 
simplify comparisons between treatments, the system of code numbers devised 
earlier (Villee, 1943b) was used. The percentage of flies of each type present 
in each of the experimental groups was calculated. The code number is then 
the sum of the products of the percentage of flies of each type times the respective 
type number (1 to 8). The code number, therefore, lies between 100 (if 100% 
of the group were type 1) and 800 (if 100% of the group were type 8). By 
this means a single number represents the effect of a particular treatment on 
the development of the antennal disc. The mean code number of the control 
group kept at 22°C. throughout development and its standard deviation was 
257.4 + 31.8. 

In figure 13 the code numbers were plotted against the day the treatments 
were begun. Each curve represents a treatment of a given duration. From 
these curves it is clear that a treatment of any given duration produces its 
greatest effect in changing the arista to a tarsus if it is begun at the end of the 
second or fifth day of development, less if begun one or four days after devel- 
opment begins, still less if begun 0 or 3 days and no effect at all if begun 6 or 7 
days after the eggs are laid. The curves suggest that there are two periods 
in development, one during the second and one during the fifth day when the 
developmental system is particularly susceptible to the treatments. However, 
this may not be the case and there may really be a single long period from 2 to 
5 days in which cold treatments are effective and there may be some other 
explanation for the low expression of flies given treatments beginning three 
days after the eggs are laid. Although there is no sharp Temperature Effective 
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Period as in some embryological reactions such as bristle formation (Plunckett, 
1926, Child, 1936) or eye facet number (Zeleny, 1923, Driver, 1926), there is 


TABLE 1 
Effect of 15°C. treatments on the development of aristapedia-Spassky 















































DAYS OF DEVELOPMENT TYPES 
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a period after which cold treatments are unable to affect the development of 
the arista. 

In fig. 14 the code numbers were plotted against the duration of the treatment 
in days and the points connected to give curves representing treatments begun 
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on successive days. The amount of increase in expression is proportional to 
the duration up to the third or fourth day of treatment, after which continued 
low teraperatures have no effect in increasing expression and may even decrease 
the expression (see 0 and 3 day line). 

The cold treatments produced no abnormalities in any other body structure; 
the leg tarsi were normal which is in marked contrast to the changes produced 
in the leg tarsi of aristapedia-Bridges of D. melanogaster by similar treatments 


(Villee, 1943b). 


700, 
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Fic. 13. Comparison of the effect of 15°C. treatments on the development of aristapedia- 
Spassky (given in code numbers) with the day exposure began. Each curve represents a 
treatment of a given length. 


b. Effect of 29°C. treatments on the development of aristapedia-Spassky 


When it had been demonstrated that cold treatments could shift development 
of ar® flies and increase the expression of the gene, heat treatments were applied 
to other larvae to determine whether the expression could be reduced below 
normal. Large numbers of parental flies were left in culture bottles for 2-hour 
egg-laying periods and then removed. Heat treatments up to 8 days in length 
were begun 0 to 7 days after the eggs were deposited. Treatments begun 
5 to 7 days after development began could not be continued up to a maximum 
of 7 or 8 days because the adults hatched before that time. The flies were 
classified and counted as they hatched and the results of the counts of the three 
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bottles comprising each group were combined and are presented in table 2. 
There was a total of 3,311 flies in the 31 experimental groups. 

The heat treatments caused a slight but definite decrease in the expression 
which was roughly proportional to the duration of the treatment. Code numbers 
were calculated as before and plotted against the duration of the treatments 
in days (fig. 15). Treatments begun four days after development began were 
slightly more effective than the others; treatments begun 0, 1, 2,3, or 5 days after 
egg deposition were slightly less effective, and treatments begun 6 or 7 days 
after development began were unable to decrease the expression of ar’. The 
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Fic. 14. Comparison of the effect of 15°C. treatments on the development of aristapedia- 
Spassky (given in code numbers) with the duration of the treatment in days. Each curve 
represents treatments begun on a particular day of development. 


decrease in expression was roughly proportional to the duration of the treatment 
up to five days after which continued treatment reduced expression only very 
slightly if at all. 

Several types of phenocopies occurred in this series of experiments; partic- 
ularly common were abnormal bristles and abnormal wings. 


c. Effects of temperature treatments on aristapedia-Dobzhansky 


Developing aristapedia-Dobzhansky flies were given 15°C. treatments 
similar to the ones described above, beginning 0 to 8 days after development 
began and lasting 1 to 12 days. The result was the same no matter when the 








150 


JOURNAL OF THE MITCHELL SocrIETY 





[December 


treatment was begun or how long it was continued: the expression of aristapedia- 
Dobzhansky was neither increased nor decreased over the control condition. 
Since the aristapedia-Dobzhansky gene at normal temperatures produces a 


TABLE 2 
Effect of 29°C. treatments on the development of aristapedia-Spassky 





DAYS OF DEVELOPMENT | 


Treatment | Ended | 1 





begun 
0 1 57 
0 2 42 
0 4 54 
0 8 62 
1 2 42 
1 3 60 
1 5 71 
1 9 52 
2 3 62 
2 4 91 
2 6 67 
2 9 31 
3 4 51 
3 5 71 
3 7 58 
3 9 43 
4 5 39 
4 6 41 
4 8 74 
4 10 66 
5 6 39 
5 7 59 
5 8 22 
5 10 25 
6 7 22 
6 8 37 
6 9 35 
6 10 17 
7 8 | 68 
7 9 44 
7 10 23 


TYPES 








2 3 4 5 6 7 8 Total Code 
38 2 7 | 12 21 4 141 | 269 
39 1 9 s | 13 112 | 249 
46 1]; Hu 1 3 116 | 188 
27 ; 8 94 143 
| 
31 9 7 7 | 15 111 | 256 
41 | 10 | 12 1 7 131 203 
32 3 8 1 4 119 | 171 
14 2 1 69 129 
| 
43 | 15 | 21 | 3 | 19 1 | 164 | 250 
53 9 | 15 6 | 12 186 | 205 
21 8 8 4 6 114 | 194 
18 2 3 54 | 159 
54 9 | 13 2 6 1 1 137 | 218 
42 5 | 13 4 137 | 186 
39 1 6 1 105 162 
21 1 65 | 136 
52 4 | 15 a | 123 | 237 
38 3 8 1 | 18 109 240 
29 1 3 107 | 138 
10 | 76 | 118 
45 9 8 s | 17 1 | 127 | 267 
33 1/11 2| 14 120 214 
14 1 | 37 | 143 
31 4 6 1 67 | 191 
28 6 | 16 3 | 20 95 | 306 
25 1 8 2] 84 | 235 
22 2 6 2 6 73 | 212 
12 1 1 2 2 35 | 203 
s9 | 12/18 | 6 | 23| 1 187 | 252 
48 | 10 | 13 4 | 16 135 251 
18 8 | 14 7 | 10 1 81 294 





maximum or almost maximum expression, a complete change of the arista 


to a tarsus, cold treatments can produce no greater effect. 


A few flies with 


leg tarsi that were shortened and abnormal were produced by treatments begun 
2 days after the beginning of development but not by other treatments. 
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Heat treatments (29°C.) were applied to another group of developing ar? 
flies beginning 0 to 5 days after development began and lasting 1 to 9 days. 
Treatments begun 0 or 1 day after development began had little or no effect 
but treatments begun 2, 3, 4, or 5 days did decrease the expression slightly 
from type 8 to as low as type 5. Abnormal leg tarsi were found on flies given 
treatments beginning 2 to 4 days after development began and lasting 6 to 
10 days. These tarsi were short, had fewer segments, and had abnormal bristle 
patterns. 

Tests were made to see if 15°C. treatments could reverse the dominance 
of ar?, i. e., cause the heterozygote ar?/+ to show some aristapedia characters. 
Since cold treatments increase the expression of homozygous ar®, which is a 
weaker allele, it was possible that they could cause the ar?/+ genotype to 
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Fic. 15. Comparison of the effect of 29°C. treatments on the development of aristapedia- 
Spassky (given in code numbers) with the duration of the treatment in days. Each curve 
represents treatments begun on a particular day of development. 


produce a phenotype similar to ar®. Large numbers of ar? females were mated 
to males of the wild strain ‘‘Seattle 101+” and left for 2-hour egg-laying periods 
to deposit eggs in the culture bottles. The parents were then removed and 
the bottles kept at 22°C. until given cold shock. A series beginning 0 to 7 
days and continuing 1 to 8 days was used but no reversal of dominance occurred. 
All the ar?/+ flies, no matter when the 15°C. treatment was begun or how 
long it was continued, hatched out as phenotypically wild type adults. 


DISCUSSION 


A description of the development of the antennal discs of aristapedia and 
normal flies in Drosophila melanogaster was given by Balkashina (1929). She 
found that segmentation of the antennal dise of the normal fly begins in the 
4- to 44-day larva, just before pupation, whereas segmentation of the antennal 
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dises of aristapedia occurs much earlier, in the 2-day larva, soon after the be- 
ginning of segmentation in the leg discs. By the time segmentation in the 
wild type antenna normally begins, the aristapedia antennal disc has already 
divided into five segments. The normal antenna reaches its definitive three- 
segmented condition in the 3-hour prepupal stage, at which time the aristapedia 
antenna consists of seven or eight segments. Further development of the 
normal antenna consists of an extension and differentiation of the plumose arista 
from the third or distal segment. In the aristapedia appendage, further devel- 
opment and differentiation is typically leg-like: the segments become cylindrical, 
with a thick covering of chitin, bristles and hairs develop in a tarsus-like pattern, 
and claws and pulvilli form on the end of the distal segment. Other investigators 
have reported slightly different times for these occurrences. Chen (1929) 
found that the leg buds first appear in 32-hour larvae, and Auerbach (1936) 
described segmentation in the normal leg buds as beginning in the third day 
of larval life. Chen also reported that the antennal buds of normal flies are 
not identifiable as separate parts of the cephalic complex until after 48 hours 
of larval development. Although no studies have been made as yet of the 
development of the aristapedia alleles of D. pseudoobscura, it may be assumed 
that it is similar to that described for the melanogaster alleles. 

The first hypothesis of the action of homoeotic mutants was given by Bal- 
kashina (loc. cit.) who concluded from her embryological studies that the 
effect of the aristapedia gene is to stimulate the antennal discs to segment at 
an earlier developmental stage, when the leg discs begin to segment, and to 
guide their differentiation in the direction of a tarsus instead of an antenna. 

The data described by Balkashina were used by Goldschmidt (1938, 1940) 
to establish an hypothesis for the action of homoeotic loci in general in producing 
their effects. According to Goldschmidt’s hypothesis, all the imaginal discs 
have identical potencies very early in development. Each disc matures at 
a different rate and therefore becomes mature (competent) and able to be de- 
termined at a certain stage in development different from the other discs. A 
series of evocators, one for each type of disc, is given off by the germ, each at 
the proper time to affect the disc which has just become competent. Some- 
time during or before the second day of larval life, an evocator is given off 
by the germ and diffuses into the six leg discs, causing a rhythmic subdivision 
of the distal end of each leg anlage, producing the typical tarsus segmentation. 
Normally only the leg discs are competent at this time and able to react to 
the tarsus evocator, but any disc which happens to be in the proper stage of 
development when the tarsus evocator is present will respond by tarsus for- 
mation. Thus, according to Goldschmidt, the action of the aristapedia gene 
is to increase the rate of maturation of the antennal discs so they become 
competent at the same time as the leg discs and therefore they react to the leg 
evocator diffusing out of the germ. It is the tarsus evocator and not the aris- 
tapedia gene which guides the differentiation of the antennal disc in the direction 
of a tarsus instead of an arista. 

In a morphological study of the three aristapedia alleles of D. melanogaster 
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and their compounds, Waddington (1939) found that the antennal appendages 
of the lower types are not intermediate between tarsi and aristae; the proximal 
part of the appendage is strictly leg-like while the distal part is completely arista- 
like, the transition zone between the two regions being very narrow. The 
disc must develop either as an arista or a tarsus, no intermediate mode of devel- 
opment is possible. He suggested that development was under the control 
of processes analogous to those suggested by Goldschmidt for intersexuality: 
the phenomena are dependent on the time relations between the determination 
process and some other process (Goldschmidt’s evocator) which decides whether 
determination shall be as arista or tarsus. He also suggested that thresholds 
might be involved which differ progressively along the appendage. Later 
(1940) he suggested that the aristapedia genes may be producing some tarsus 
substance, the different aristapedia alleles producing different amounts of this 
substance. Villee (1942c), interpretating Waddington’s results in the light 
of Goldschmidt’s time-relation theory, proposed that the intermediate types 
of antennal appendages were produced by the incomplete synchronization of 
the maturation of the antennal discs and the diffusion of the leg evocator into 
the disc. Only the proximal part of the antennal disc is competent when the 
leg evocator diffuses in, the rest of the disc becomes mature later and undergoes 
induction by the normal arista evocator. 

The same series of types of appendages occurs in both aristapedia-Dobzhansky 
and aristapedia-Spassky. The proximal part of the appendage is distinctly 
tarsus-like, segmented and covered with bristles and hairs, and the distal part 
is arista-like and plumose. The transition zone between is very sharply de- 
limited. The same sort of developmental system is apparently affected in 
the same way in the two species and the explanations offered above for melano- 
gaster hold with equal force for pseudoobscura. 

An experimental attack on the problem was made by Braun (1940) who 
used the Ephrussi and Beadle (1936) technique to transplant normal and aris- 
tapedia discs into aristapedia and normal larvae. Antennal discs from normal 
larvae transplanted into aristapedia hosts at stages varying from 2} days of 
larval life to pupation always developed into normal antennae, which could 
be recognized by the presence of the plumose arista. Transplants of aristapedia 
antennal discs into normal hosts at similar stages developed into tarsi which 
could be recognized by the presence of a peculiar spiral structure representing 
the uneverted tarsus. These results were confirmed by Villee (1943e). Braun 
concluded that the time of determination of the discs must be before 24 days 
of larval life, when it is impossible to make transplants by the Ephrussi-Beadle 
method because of the small size of the larvae. An alternate explanation in 
the light of additional facts was given by Villee (1944a, b). 

The work with proboscipedia (Villee, 1944a) showed that cold treatments 
do not always shift development so that tarsi are produced and heat treatments 
do not always shift development so that aristae are produced. In proboscipedia, 
the exact opposite of this was found: cold treatments shift the development 
of the labial buds so that only aristae form in place of the mouthparts, and 
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heat treatments shift development so that only tarsi form in place of the mouth- 
parts. These results in conjunction with the results of the aristapedia studies 
were taken to indicate that the aristapedia and proboscipedia genes do not 
affect the evocator systems but act by affecting the rate at which the different 
imaginal discs attain competence. If we suppose that in the normal fly each 
disc matures at the proper time to be affected by the proper evocator and if we 
suppose that the aristapedia gene alters the rate of development of the antennal 
dise so that it is less than normal and if the proboscipedia gene alters the rate 
of development of the labial buds so that it is greater than normal the results 
of the temperature treatments follow (for more complete discussion see Villee, 
1944a). 

It has been pointed out previously (1944a) that it is not necessary for this 

hypothesis that the evocators actually be diffusible substances, produced in 
one part of the body (the “germ” of Goldschmidt’s theory) and diffusing into 
the imaginal discs in the way the v+ and en+ eye hormones are produced in 
the fat bodies and Malpighian tubules and diffuse into the eye. The evocators 
may be substances of a molecular size too large to diffuse through cell membranes. 
They might be produced in the nucleus of each cell of an imaginal disc (as 
well as in all other cells of the body) by some particular locus and released to 
the cytoplasm when the nuclear membrane breaks at mitosis. 
The present investigation of the effects of 15°C. and 29°C. treatments on the 
development of aristapedia-Dobzhansky and aristapedia-Spassky show striking 
similarities to the effects of similar treatments on aristapedia and aristapedia- 
Bridges of D. melanogaster. The results are identical, cold treatments increase 
the expression of the gene (increase the shift in development from arista to 
tarsus), heat treatments decrease the expression (decrease the shift in devel- 
opment from arista to tarsus). In both species, the increase or decrease is 
roughly proportional to the duration of the treatment up to a certain maximum, 
after which continued treatment fails to increase the expression further. In 
the melanogaster mutants a treatment of any given duration was most effective 
if begun four days after development begins, whereas in the pseudoobscura 
mutants, a treatment of any given duration was most effective if begun five 
days after development begins. Taking into account the difference in the 
total time of development in the two species (approximately 12 days for melano- 
gaster and 15 days for psuedoobscura at 22°C.), this period of greatest effective- 
ness occupies the same relative position in development, namely, after one-third 
of the total time of development has elapsed. The work with proboscipedia 
showed that the expression of homoeotic mutants is not always increased by 
cold treatments and decreased by heat treatments but that the reverse may 
occur. The fact that in both melanogaster and pseudoobscura aristapedia mutants 
temperature treatments do have identical effects therefore is more significant 
in demonstrating the essential similarity of the developmental systems involved 
than would be the case if all homoeotic mutants tested showed the same reactions 
to heat and cold treatments. 

Although it cannot be taken as proven, the experiments reported here do 























1944] PHENOGENETICS OF ARISTAPEDIA 155 
indicate strongly that the aristapedia genes in the two species do have identical 
effects on their respective developmerital reaction systems. To express this 
sort of relationship between genes the term “homophenic” has been proposed 
(Villee, 1944c). Homophenic genes are ones which affect the same part of 
the developmental reaction system in the same way at corresponding times in 
development in the two species and thus produce identical phenotypes. The 
term “homophenic”’ does not imply that the genes are necessarily homologous 
in the strict sense of having a common evolutionary origin. It is conceivable 
that two independent mutations in different species could occur which affect 
their respective developmental systems in the same way and at corresponding 
times in development and thus be homophenic but of course not be homologous. 

The aristapedia genes in the two species may actually be homologous in the 
sense of having a common origin. It is known that chromosome II, in which 
are located the pseudoobscura aristapedia genes, is homologous to chromosome 
IITR of melanogaster, in which are located its aristapedia alleles (see Sturtevant 
and Novitski, 1941, for review of homologies). It is an interesting fact that 
both homoeotic loci found in pseudoobscura so far, aristapedia and bithorax, 
are located in the same chromosome, chromosome II, which is homologous to 
chromosome IIIR of melanogaster, in which are located all the melanogaster 
homoeotic loci. Goldschmidt (1938) pointed out that the concentration of the 
homoeotic loci in the right arm of the third chromosome (proboscipedia, 47.7; 
tetraltera, 48.5; tetraptera, 51.3; aristapedia, 58.5; bithorax, 58.8; bithoraxoid, 
58.8; kidney, 64) supported his hypothesis that there are no “genes” but that 
the chromosomes themselves act as units in heredity in controlling the normal 
development of the animal. On this basis there is no accidental clustering 
of homoeotic genes in this region; rather, this whole region of the right arm 
of the third chromosome acts in normal development in regulating the deter- 
mination and development of the imaginal discs. Various.upsets in the pattern 
of this part of the chromosome, i. e., the homoeotic mutants, produce the ho- 
moeotic phenotypes. The discovery of bithorax and aristapedia in D. pseu- 
doobscura, of aristapedia in D. simulans, and of bithorax in D. affinis, always 
in the homologous segment (segment E of Muller’s 1940 nomenclature) lends 
weight to this argument. 


SUMMARY 


1. Cold treatments (15°C.) begun 0 to 5 days after development begins were 
able to increase the shift in development from arista to tarsus phenotype of 
the antennal discs of aristapedia-Spassky. Treatments begun 6 or 7 days after 
development began were unable to affect development. The amount of the 
increase in expression is roughly proportional to the duration of the treatments 
up to 2 to 4 days, after which continued treatments either cause no further in- 
crease or may even cause a decrease. A treatment of any given length is most 
effective if begun at the end of the fifth day of development. 

2. Heat treatments (29°C.) begun 0 to 5 days after development begins 
caused a slight but definite decrease in the shift in development from arista 
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to tarsus phenotype of the antennal discs of aristapedia-Spassky. Treatments 
begun 6 or 7 days after development began were unable to affect development. 
The amount of the decrease was roughly proportional to the duration of the 
treatment up to 5 days. 

3. Cold treatments given to developing aristapedia-Dobzhansky flies showed 
no effect. Cold treatments of ar?/+ did not alter dominance. 

4. Heat treatments begun 2 to 5 days after development begins decreased 
the expression of aristapedia-Dobzhansky flies slightly from type 8 to as low 
as type 5. 

5. The identical effects of heat or cold treatments on the aristapedia alleles 
of D. pseudoobscura and D. melanogaster indicate that identical developmental 
reaction systems are involved in the two species. The term “homophenic”’ 
is suggested to express this relationship. Homophenic genes are ones which 
affect the same part of the developmental reaction system in the same way 
at corresponding times in development in two species and thus produce identical 
phenotypes. The term “homophenic” does not imply that the genes are nec- 
essarily homologous in the strict sense of having a common evolutionary origin. 
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HARPACTICOID COPEPODS OF THE REGION OF 
MOUNTAIN LAKE, VIRGINIA 


(WITH DESCRIPTION OF Moraria virginiana N. sP.) 


By Margsorie Estette CARTER 
Puates 65-67 


INTRODUCTION 


Freshwater harpacticoid copepods have been little studied in America. Most 
of the work on this group has been incidental to the study of copepods in general 
or has been limited to examinations of small local collections. Herrick, Forbes, 
Marsh, Pearse, Wilson, Willey, Chappuis, Kiefer, and Coker have published 
papers on American harpacticoids. The most extended study of these copepods 
is that of Coker (1934). 

The area around Mountain Lake, Virginia, seems to abound in harpacticoid 
copepods. A number of previously described species have been identified in the 
Mountain Lake region, together with at least one undescribed species. 

Bryocamptus zschokkei (Schmeil) subsp. alleganiensis Coker, which is abundant, 
is most often found on wet moss at small waterfalls and in shallow streams. 
Apparently, it likes clear, cold water. 

Aitheyella tillinoisensis Forbes is the most widespread. It is found in such 
different types of habitat as streams, lakes, ponds, and springs,—in both cold 
and comparatively warm water. 

Relatively few specimens of Attheyella bidens (Schmeil) subsp. coronata Sars 
were found, and only one each of Attheyella carolinensis Chappuis and Bryocamp- 
tus minutus Claus. 

Bryocamptus hutchinsoni Kiefer, which is re-described in this paper, was found 
in two shallow, stagnant pools several miles apart. This species was described, 
with illustrations, by Kiefer in 1929, but a fuller description seems desirable. 

There are other species not yet identified; some appear to be new, but only one 
of these has been carefully studied; it is described in the latter part of this paper 
as Moraria virginiana n. sp. The genus Moraria is discussed and a key to 
American species of the genus is offered. 

The writer wishes to express her appreciation to Dr. R. E. Coker for suggesting 
this study and for aid and helpful suggestions, and to Professor I. F. Lewis, Direc- 
tor of the Mountain Lake Biological Station of the University of Virginia, for 
use of the fine facilities of the Station and for many special courtesies. I wish 
also to thank Miss Carrie Ola Hughes, Department of Zoology, University of 
North Carolina, for aid in three of the figures. 


Bryocamptus hutchinsoni Kiefer 1929 
Plates 65 and 66 


A number of harpacticoid copepods found in June, 1940, in two different ponds 
near Mountain Lake, Virginia, are assigned to the species Bryocampius hutchin- 
sont Kiefer 1929. 
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Description of Female 

Form and armature of body (figs. 1,8, and 14). Relatively slender and slightly 
tapering from third segment of cephalothorax to last abdominal segment; rostrum 
broad and blunt; first segment of cephalothorax nearly as long as the following 
three; one row of spinules on ventral and lateral surfaces of each abdominal so- 
mite, appearing to be finer on the ventral surface; genital somite with two such 
rows of spinules, the anterior where the first abdominal segment would end, the 
posterior subterminal and extending for a short way on the dorsal side. In addi- 
tion, there may be on the sides of segment three a row of five or six coarse spinules 
just anterior to the longer row and a similar row on the genital segment between 
the other two rows; these rows of spinules were not observed on all copepods 
examined; they may have been present but indistinguishable because of debris. 
Anal somite with a group of lateral spinules on the posterior margin. 

Anal plate (figs. 1 and 14). Seven to nine prominent spines on the rounded 
posterior margin. 

Furca (figs. 8 and 14). Widest in the middle and tapering to the apex and 
base; length about the same as last abdominal somite. The three terminal setae 
very characteristic in form and arrangement: innermost short seta very large at 
the base, narrowing abruptly to a hair-like curved point; outer and most modified 
seta, about 120u in length and inserted deeply into the apex of the furca to- 
ward the dorsal side; it is also large at the base and marked by a sharp bend 
at its widest part (fig. 8); barbs, extending from the middle of the enlarged 
base to a point two-thirds of the distance to the end, coarse on one side and 
finer on the other; the middle seta, 320u in length, with sparse barbing begin- 
ning about a fifth of the way from the base and ending at about half length. 
Dorsal seta inserted a little proximal to middle and near inner margin. The 
more anterior of two lateral setae almost on the dorsal surface; the more posterior 
lateral seta close to the distal end of the furca. A group of spinules on inner 
border halfway of furca and others on outer border near bases of lateral setae. 
A finger-like projection extending alongside the base of the longest end seta. 

Antennae (figs. 2 and 3). First antenna 8-segmented; sensory rod on fourth 
segment extending to middle of seventh. Second antenna with two-jointed 
accessory branch, bearing four setae, one on first joint and three on second; main 
branch with two terminal setae, three terminal spines and two lateral spines, 
besides some spinules. 

First foot (fig. 9). Basipod with a row of strong spinules at middle of distal 
margin, two spines, one lateral, one mesial, and some spinules. Endopod, with 
three segments; segment one bearing about four spinules on outer margin and one 
long slender spine on inner margin near the distal end; segment two with about 
four spinules on outer margin and one long subterminal spine on the inner mar- 
gin; segment three with about three spinules and one subterminal spine on outer 
margin, one fine subterminal seta on inner margin and one terminal seta. Exo-. 
pod 3-segmented, reaching middle of third segment of endopod; one large spine 
and a group of spinules on outer margin of each segment; second segment with 
long seta on inner margin; third segment with one terminal spine in additien to a 
subterminal spine and two terminal setae. 
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Second foot (fig. 4). Both rami 3-jointed. Endopod extending to middle of 
last segment of exopod; basal segment with a subterminal spine on mesial side 
and several spinules on outer margin; second segment with a subterminal seta on 
mesial side and two spinules on outer border; third segment with two terminal 
setae, one subterminal seta on outer margin and a seta on mesial margin. First 
two segments of exopod heavily armed with one large subterminal spine and 
several spinules on outer margins, inner margins smooth; second segment with 
subterminal seta on mesial margin; third segment bearing two terminal setae, a 
sub-terminal and two lateral spines on outer margin, and a seta about midway of 
mesial side. 

Third foot (fig. 5). Similar to second foot except that third segment of exopod 
and endopod have two setae on inner side. 

Fourth foot (fig. 6). The two-segmented endopod reaching middle of second 
joint of exopod; first segment very short, about a third as long as second and 
having one seta at inner distal angle; segment two long and narrow with two setae 
on mesial side, one long terminal seta, a terminal spine about length of the seg- 
ment and a short subterminal spine on outside; outer margins bare except for a 
spinule on distal segment. Exopod similar to that of third foot. 

Fifth foot (fig.7). Mesial expansion of basal segment high, nearly reaching 
end of second segment, armed with six marginal spines, the second from the inner 
margin the longest, 134u; the order of lengths, numbering the spines from the 
inside; 2, 4, 1, 3, 5, 6; the last only 30u. Second joint about twice as long as wide, 
narrow at the apex, armed with a terminal spine, a long terminal seta, and three 
curved setae on outer margin, the most distal, slender, hairlike. 

Ovisac. Oval, almost round, with about 18 or 20 eggs in example observed. 

Spermatophore. Rather long, oval, with long pedicle. 

Description of Male 

Form and Armature of body. Generally smaller than females; spinules on 
somites same as those in female except that the ventral spinules are as strong as 
the lateral; anal plate with six spines. 

Furca. Terminal setae not modified as in female. 

First foot. Very similar to female. 

Second foot (fig. 10). Endopod with only two segments, the proximal one bear- 
ing a small spine; second segment with a long terminal seta and a slender seta on 
outer side near the end, two spines on mesial margin, and a hairlike seta near the 
base. 

Third foot (fig. 11). EEndopod with three segments, the very short first seg- 
ment bearing a spine; second segment small but with a long process which extends 
fully twice length of third segment and ends in a slender point ; third segment long 
and narrow with two setae, one long, slender and plumose. 

Fourth foot (fig. 12). Endopod with two segments; the first very small, with- 
out spines; the second, reaching not quite to middle of second segment of exopod, 
armed with two terminal spines, the outer being the shorter, and one very long 
seta, 112y. 
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Fifth foot (fig. 13). Basal segment very short with mesial expansion hardly 
extending halfway of second joint; two spines on mesial expansion, the inner the 
longer, and two spinules on the outer expansion. Second joint almost as wide as 
long with five spines and one seta. 

Length. Females 567-670 u. 

Males 403-574 xu. 

Habitat. Two small ponds with marshy meadow-land around them; one, 
about four miles from Mountain Lake in an open meadow and the other about 
two miles farther in an open woodland, the site of an abandoned sawmill. Both 
ponds were very shallow and one dried up subsequently. 

Distinguishing characters. Endopod of first, second and third feet of female 
3-segmented; fifth foot of female with six spines on mesial expansion of first seg- 
ment. Female with three furcal setae, inner very large at base and narrowing 
abruptly, outer very large at base with sharp bend at widest part, heavily barbed; 
a dorsal projection of furca over the longest end seta. 


Moraria virginiana n. sp. 
Plate 67 


In June, 1940, there were taken from a group of small springs, called Twin 
Springs, near Mountain Lake, Va., two female harpacticoid copepods that appear 
to be a new species of the Genus Moraria. The descriptions of none of the four 
species of that genus previously reported from North America are applicable to 
our copepods. The four American species hitherto known are: Moraria lauren- 
tica Willey (1927) reported from Quebec, Canada, and three reported from the 
United States, M. americana Chappuis (1927) from West Orange, N. J., M. 
affinis Chappuis (1927) from Pelham Bay, N. Y., and M. cristata Chappuis (1929) 
from Donnaldson Cave in Indiana. 

The two examples taken at Mountain Lake are both mature females, one 
carrying eggs. They have all the general characters of the genus as Gurney de- 
scribes it. Description of the female follows. 

Form and armature of body (fig. 15). The body, when strongly contracted, 
appears thick and short but, when extended, rather slender; rostrum strongly 
down-curved and rounded; the margins of the segments smooth. Two rows of 
spinules, one subterminal, the other near anterior margin, on ventral surface of 
abdominal somites three and four; the posterior row on somite four extending up 
the sides nearly to the dorsal surface; the corresponding row on somite three also 
appears on the sides but lateral and ventral spinules are separated by a short gap; 
fifth abdominal segment with sub-terminal series of spinules ventrally and 
laterally. 

Anal plate (fig. 23). Notably prominent and having the form of an equilateral 
triangle; the free margins smooth. The form of the anal plate is one of the chief 
differences between this and the four other American species, all of which have 
rounded anal plates. The plate in our copepods is essentially like that of M. 
brevipes Sars, as shown by Gurney (1932). 

Furca (fig. 23). Furcal rami about one and one-half times as long as wide, 
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widest just beyond proximal third, tapering to tip; greater width in middle region 
caused by a wide flange which shows well on inner margin in dorsal view, and is 
edged with a row of fine spinules; distally the flange curves outward on the furca 
itself. A very conspicuous, slightly curved dorsal ridge running from base of the 
furca to a point just anterior to the apex, and extending distally to form a fairly 
prominent elevated process; dorsal seta inserted just below end of ridge. Three 
terminal setae, the innermost very small and slender, the outermost about 120u 
long, and the middle and longest about 200u long; both the outer and middle setae 
barbed for latter half of their lengths. 

Antennae. First antenna (fig. 16) with eight segments, there being four dis- 
tinct segments in the distal portion of the antenna; sensory club on the fourth 
very stout, extending to tip of antenna. 

Swimming feet. All with two-jointed endopods and three-jointed exopods, 
the latter with no spines or setae on inner margin. 

First foot (fig. 17). EEndopod almost equal in length with exopod, the second 
segment a little shorter than the first. First joint of endopod with a spine and 
a small spinule on inner margin and about eight spinules on outer. Second 
segment with three terminal setae, the inner extremely small, the middle long 
and thin, about 68u long, and the outer about half as long as the middle and 
spine-like; one lateral spinule on inner margin and four or five on outer margin. 
Each segment of exopod with a stout spine near inner apical angle and a short 
series of spinules near the spine; third segment with two terminal setae, each 
with a characteristic bend outward a little less than midway, and a long and 
rather thin terminal spine in addition to the stout subterminal spine. 

Second foot (fig. 18). Endopod much shorter than exopod, about reaching 
end of second segment of the latter; a stout subapical spine on mesial side and a 
spinule on outer margin of first segment; second segment a little shorter than 
first, with three terminal spines, the inner longest and stoutest, the middle 
slightly shorter than the outer, and one small spine on the outer margin. Exopod 
very like that of the first foot, except that there are three terminal spines, besides 
the subterminal spine, instead of a terminal spine and two terminal setae. 

Third and fourth feet (figs. 19 and 21). Almost identical with second foot, 
except that end segment of exopod is broader, and endopod is progressively 
shorter in second, third, and fourth feet. 

Fifth foot (fig. 20). Basal segment large with a high mesial expansion, ex- 
tending to but not beyond the end of second segment; the usual seta on outer 
apical angle and six spines on mesial expansion, the outermost short, the three 
terminal rather long and the two inner ones quite short; middle and longest 
terminal spine, 60%. Second segment of fifth foot twice as long as wide with 
five spines, the second from inside longest, the third notably thin and directed 
outward. 

Egg sac (fig. 15). Eight or ten large eggs carried in an oval sac. 

Length. Female 446u. (Male unknown.) 

Holotype: U. 8. N. M. No. 78890. 

Distinctive characters. Eight-segmented first antenna, triangular and prom- 
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inent anal plate, terminal spine and setae on first foot, size and length of mesial 
expansion on fifth foot, and sizes, number and position of spines on fifth foot. 

Systematic position. The two species which this one most nearly resembles 
are M. brevipes Sars and M. duthiei Scott. In size and structure of the swim- 
ming feet our species is much like M. brevipes Sars, but there are definite 
differences between the two copepods: in M. brevipes spinules on abdominal 
somites three and four are said not to extend up on the sides; the first antenna 
has only seven segments; neither Sars (1862) nor Gurney (1932) shows spinules 
on the inner margin of the furca; the mesial expansion of the basal segment of the 
fifth foot extends well beyond the end of the second segment, but otherwise this 
appendage is much the same in both. 

Our species is like M. duthiet in that there are eight segments in the first 
antenna of the female of both species, and the anal plate is triangular in both, 
although seemingly not as prominent in duthiet. Moraria duthiei is one of the 
few species of the genus for which the eggs are reported to be carried in egg sacs. 
There are many differences between our species and duthiei. The latter is a 
large species, its length being given as .79-.9 mm. (Gurney); its furcal rami 
have no spinules on the inner margin; the fifth foot is very different, having the 
mesial expansion shorter than the second segment and armed with long setae 
rather than spines. 


CHARACTERIZATION OF THE GENUS MORARIA AND THE SPECIES KNOWN FROM 
AMERICA 

General Characteristics of the Genus Moraria. Rostrum large and broad, body 
usually slender and wormlike, seven or eight segments in first antenna; furca 
long with prominent dorsal ridge, anal plate prominent, either pointed or round, 
with smooth margin; inner border of exopod of swimming feet bare of setae 
except rarely on leg four; endopod and exopod of first foot equal or nearly so, in 
length; body segments rarely with serrated margins. Terminal seta on endopod 
of leg four of male usually peculiarly bent. Gurney says that the females rarely 
carry egg sacs, giving M. duthiei as the only definite exception, but adding that 
sacs of three or four eggs have been reported for both M. varica and M. arboricola; 
he believes that in these species sacs are carried for only a short time. Willey 
reports M. laurentica carrying five or six eggs in a large sac. One of our females 
has a sac of at least eight large eggs rather loosely attached to one another. 
(After Gurney and Sars.) 


KEY TO AMERICAN SPECIES OF Moraria 
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Moraria laurentica Willey 1927. Willey found the same species in several 
places near Quebec, Canada. He mentions Shawbridge and the Arundel Road 
as well as a sphagnum bog near McDonald Lake. Body segments with posterior 
margins smooth, posterior submarginal row of spinules on dorsal and ventral 
sides of abdominal segments three and four, prominent rounded anal plate, 
transverse row of three or four spinules on inner border of furca; seven-segmented 
first antenna; exopod of first foot slightly longer than endopod; mesial expansion 
of basal segment of fifth foot bearing five setae. Egg sac with four or five eggs. 
Length of female .44 mm. 

Willey compares M. laurentica with M. schmeili Douwe, which Robert Gurney 
(1932) says is synonymous with M. mrazeki. Gurney also puts M. laurentica 
in a list of doubtful species. Chappuis (1927) described M. americana as a ne 
American species but later (1931) reduced it to the rank of a subspecies of M. 
laurentica. The “junior” of M. laurentica, described by Willey, Gurney says, 
is in reality an adult female of Epactophanes richardi Mrazek. 

Moraria laurentica americana Chappuis, 1927. Found in a mossy valley near 
West Orange, New Jersey. Rostrum long with ventrally directed point; anal 
plate prominent and rounded; first foot of female with long arched spine on outer 
border of second segment of endopod, which M. laurentica seemingly does not 
have; fifth foot, as shown by Chappuis, like laurentica but with parts distinctly 
broader relative to height, especially the second segment which is shown for 
americana to be only one and one-half times as long as wide, whereas, laurentica 
is shown as about two and one-half times as long as wide. 

M. affinis Chappuis (1927). Found in a park near Pelham Bay, New York. 
Prominent rounded anal plate, eight-segmented first antenna, the division 
between segments seven and eight not always clearly visible; fifth foot of female 
short relative to width, mesial expansion bearing seven setae and spines, reaching 
apex of second segment which, however, is very short and almost circular in 
outline; second segment with five setae. 

M. cristata Chappuis (1929). Described from Donnaldson Cave, Indiana. 
Surface of cephalothorax rough, warty, abdominal] segments with rows of spinules 
on dorsal side, posterior margins of abdominal segments dentate, anal plate 
rounded, not greatly extended posteriorly—as shown it is not nearly so prominent 
as in most Morarias; furca twice as long as wide with a group of four or five spi- 
nules on inner margin; first antenna seven-segmented; fifth foot with mesial ex- 
pansion of first segment bearing six setae and second segment bearing five setae 
and a few small spines. Length of female .6 mm. 

M. virginiana n. sp. Found at Twin Springs near Mountain Lake, Virginia, 
in 1940. Triangular anal plate; eight-segmented first antenna; furca longer than 
wide, with heavy dorsal ridge and row of spinules on inner margin; showing 
close relationship with M. brevipes Sars. 


Grora1a State WoMAN’s COLLEGE, 
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EXPLANATION OF PLATES 
Puate 65 
Bryocampius hutchinsoni Kiefer 


Fig. 1, dorsal view of female; fig. 2, first antenna; fig. 3, second antenna; fig. 4, second 
foot of female; fig. 5, third foot of female; fig. 6, fourth foot of female; fig. 7, fifth feet of 
female. 

PLATE 66 
Bryocamptus hutchinsoni Kiefer 

Fig. 8, lateral view of posterior abdominal segments and furcal ramus, female; fig. 9, 
first foot of female; fig. 10, endopod of second foot of male; fig. 11, endopod of third foot 
of male; fig. 12, endopod of fourth foot of male; fig. 13, fifth foot of male; fig. 14, dorsal aspect 
of last abdominal segment and furcal rami, female. 


PLATE 67 


Moraria virginiana n. sp., female 


Fig. 15, side view of female with egg sac; fig. 16, first antenna; fig. 17, first foot; fig. 18, 
second foot; fig. 19, third foot; fig. 20, fifth foot; fig. 21, fourth foot; fig. 22, seminal recep- 
tacle; fig. 23, dorsal view of last abdominal segment and furca (innermost terminal seta 
not shown). 
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SCHIZONTICIDAL TESTS ON RAUWOLFIA HETEROPHYLLA AND 
SOME OTHER PROPOSED ANTIMALARIAL PLANTS 


By W. E. Cornatzer, Minprep M. McEwen anv JAMEs C. ANDREWS 


Malaria bids fair to be one of the most important of public health problems 
for years to come. The return of ex-soldiers, bearing malaria parasites from 
infected areas and thus spreading the plasmodia in areas formerly free from 
the disease, adumbrates a high degree of activity for years to come in the study 
of antimalarial drugs and their mode of action. Of the synthetic substitutes, 
atabrine has proved the most satisfactory. However its field of action differs 
from that of quinine and the latter still appears, in most clinical opinion, to be 
preferable for lay administration. 

The fact that for about 300 years one plant alkaloid has held its place as the 
best schizonticidal agent, suggests further systematic studies of other plant 
products, particularly those credited by some tradition or folklore with such 
properties. Such studies will naturally be expected to yield negative results 
in the vast majority of cases but unfortunately such negative data are as a rule 
left buried in the notebooks of the investigators. Thus the suspicion, often 
recorded in reputable journals, that some of these products have such value, 
persists to trouble future investigators, whereas the data which would allay such 
suspicions remain unpublished. 

It should also be recognized that negative results may themselves be open to 
suspicion. During late years, the technique of testing schizonticidal agents on 
birds infected with Plasmodia lophurae or on Rhesus monkeys infected with 
P. knowlesi has been rendered much more exact. One may well question the 
results of earlier tests carried on by much less objective methods. On the other 
hand, it is unsafe to assume complete parallelism between the results of tests 
with avian malaria (P. lophurae) and the human forms. Although the bird ma- 
laria technique provides a valuable preliminary test, negative results should 
not be taken as absolutely final but should, if possible, be followed by tests on 
human cases. The status of tests with avian malaria has been reviewed by 
Marshall (1). 

The necessity of applying the preliminary tests with P. lophurae to any sug- 
gested plant product for which there is the slightest suspicion of schizonticidal 
activity should need no defense. The basis on which such a claim rests may be 
purely a matter of folklore or, as in the case of the principal plant discussed below, 
it may have been mentioned in the chemical literature as being of schizonticidal 
repute. In any case it would be very short-sighted to decline to test such a 
preparation for lack of already established evidence as to its value. Such a 
policy, if uniformly applied, would preclude any advances in our knowledge of 
such drugs. 

In the present paper, the authors wish to place on record the purely negative 
results of some plants of antimalarial repute when tested on ducks infected 
with Plasmodia lophurae. The technique used is that described, among others, 
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by Seeler, Dusenbery and Malanga (2) and also by some of the writers cited by 
Marshall (1). 

Blood was taken by cardiac puncture from donor ducks having a 30 to 40% 
infection with P. lophurae. This blood was immediately mixed with saline- 
citrate solution in the proportion of 3 ml. blood to 1 ml. of the saline-citrate. 
White Pekin ducklings, of from 3 to 4 weeks of age, were weighed and the calcu- 
lated quantity of the above blood required to produce an initial 2% infection 
was injected by way of the inner leg vein. These ducks were divided into three 
groups. One group was untreated; one received 50 mg. quinine dihydrochloride 
per kilogram of body weight daily by stomach tube; the third or experimental 
group received, by the same procedure, the various plant extracts being tested. 
The level of infection was determined daily for a period of 8 days by counting 
the number of infected red cells per 500 on slides stained in the standard manner 
with Giemsa stain. The untreated birds, as will be noted below, go through a 
period of maximum infection at about the fifth or sixth day. Ifthe percentage 
of red cells infected is less than about 50%, a natural immunity is established 
and the bird recovers. With higher percentage infections it usually dies. 

Rauwolfia heterophylla (Roem) is a shrub of wide distribution in Central and 
the northern part of South America. It is known under various local Indian 
names, notably “‘pinique-pinique” in Columbia and “chalchupa” in Guatemala. 
It has received some attention in the literature (3-7) because of its alkaloidal 
content but the alkaloids prepared from it have never received an exhaustive 
chemical investigation. Extracts of the plant have been used by the natives 
against both snakebite and malaria, as stated in some of the above papers, but 
the authors have been unable to find any account of systematic tests of its anti- 
malarial value. Deger (3) describes the separation of two alkaloids which he 
calls “‘Chalchupin’” A and B. The writers have confirmed the separation of one 
of these under the condition described by Deger. Deger’s results have also been 
confirmed by Paris and Daza (7). The effect of Rauwolfia extracts on the cardiac 
vagus has also been described by Hamet (6). 

For schizonticidal testing we have prepared a number of extracts of both 
the leaves and stems of the dried plant (obtained for us through the courtesy of 
Mr. Julio A. Montano of Guatemala City). The mode of preparation of these 
extracts is described briefly below. 

Extract 1. 25 gm. of dried and ground twigs were extracted 5 times with 100 
ml. portions of hot 95% alcohol made alkaline with sodium hydroxide. The 
alcoholic solution (a dark green) was evaporated on a water bath to dryness and 
the residue extracted 5 times with 25 ml. each of diethyl ether. This solution 
was evaporated spontaneously and the residue dissolved in 100 ml. 80% alcohol 
for use. 

Extract 2. 25 gm. of dried and ground twigs were extracted with three 50 
ml. portions of 80% alcohol. The twigs were boiled with the alcohol, the 
mixture filtered and the alcohol evaporated. The residue was taken up in 5 
ml. 95% ethyl alcohol and diluted with water to 50 ml. 

Extract 3. 50 gm. of dried and ground twigs were extracted at room tempera- 
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ture for 3 days with 250 ml. 50% alcohol. The mixture was filtered and a 
second extract made of the residue. The combined extracts were concentrated 
to a volume of 200 ml. 

Extract 4. 50 gm. of dried and ground leaves were extracted in the same 
manner as described above for Extract 3. 

Extract 5. 220 gm. of dried and ground leaves were extracted at 60° C with 
1000 ml. of 50% alcohol divided into 6 portions. The combined extracts were 
filtered and evaporated to a final volume of 275 ml. 

These extracts were obviously administered in very arbitrary amounts. With 
no information available as to the active constituent, if any, no rational is 
possible. However we have increased the proportion of the dried material 
represented in the extracts given until, in the case of Extract 5, a lethal amount 
was reached. In this case, two ducks, given 5 ml. of Extract 5 daily, died in two 



































TABLE I. 
Effect of extracts of Rauwolfia heterophylla on Avian Malaria 

| | } | | | | } 
DOCK | 1 2 | 3 | 4 | 5 | 6 | 7 | 8 9 | 10 | 11 | 12 13 14 

colt sanih Toho bglth Bde diet ig fold bed geibe phy 
fejal ele |e | BB] SR] so | ao] 2] 3g | <8 14. | 814, 
fai 3i3i]3/] 8 | | we] 28) 88) 58) $2 | $2) 85) g8l ss 
s| 21) 2/2|2| Ss | Fs | fa | oe | fa| Ez | fe | be | ba] be 
es |/5 15/5 )/5/8 le | 86] 85) 58) 38 | gb ie alo 
Days Percentage Infection 
1 1.0} 2.4 1.3 | 1.0! 0.4, 0.4) 1.5] 2.3 | 1.6 
2 6.2} 6.3) 4.8) 4.1) 0.6 | 0.8 2.5 | 2.0) 3.6) 6.2] 7.8] 5.8 7.1). 6.5 
3 9.3} 8.9} 5.8) 9.1) 0.7 | 0.4 6.5 | 8.9} 6.7] 12.2 | 10.0 | 12.6) 7.3) 11.4 
4 | 21.4) 29.1) 16.8) 23.4) 0.5 | 0.8 | 15.1 | 16.4) 22.7) 14.6 | 29.5 | 26.9) 28.6) 27.7 
5 | 36.6) 36.9) 18.1) 24.8) 0.9 | 0.2 | 19.9 | 23.3) 33.2) 42.3 | 53.1 42.8) 31.0} 29.9 
6 | 35.1) 24.7) 24.8) 28.6) 0.5 | 0.5 | 23.0 | 28.2) 48.9) 68.5 | 74.5 | 52.3] 59.0 
7 | 14.8 9.1; 4.9} 0 0.3 4.1 | 7.8} 47.0) 58.4 Died | 32.8) 39.5) 38.2 
8 | 2.7 0.8) 0.6) 0 0.2 0 2.1) 26.8) Died | 9.0) 39.1) 16.2 























days. Administration of 2 ml. per day had the same result. We have therefore 
considered that a dose of one ml. per day constitutes approximately one half 
of the minimal lethal dose. 

Both twigs and leaves were tested. Deger’s preparations indicated the highest 
alkaloidal content in the roots with leaves next and twigs third. Roots were not 
available but we feel that ample tests were conducted on both leaves and twigs. 

Table I records the results obtained by testing the above five extracts on several 
infected ducklings. Because of the conclusively negative results obtained, it 
was not thought necessary to increase the number of birds tested. It is evident 
that as regards this method of testing, Rauwolfia heterophylla may be recorded 
as of no schizonticidal value. 

In this connection should be mentioned two other plant extracts for which 
antimalarial properties have been claimed. One of these plants known as “dog 
fennel’’ (Anthemis Cotula) is an ordinary temperate zone weed. It is mentioned 
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in the older pharmaceutical literature as having been used as a stimulant, an 
antispasmotic, in fever and colds, to produce sweating, and for many other 
purposes. The writers have not found in print a recommendation for its use as 
an antimalarial but the tradition seems prevalent in some quarters that a tea, 
made from the dried plant, is an efficacious remedy. Tests made in our labora- 
tories on water, alcohol and chloroform extracts by the technique described 
above have given completely negative results. The detailed data hardly seem 
to be worth reproducing here. 

Another case of a plant, sometimes mentioned as an antimalarial, is that of 
“Georgia Bark” (Pinckneya pubens). This shrub is distributed, not too plenti- 
fully, in the Gulf States. It is mentioned in Coker and Totten (8) as being of 
antimalarial value as well as in some of the older botanical works. Tests of 
extracts of this plant have not been carried on in our laboratories but the authors 
have been informed by personal communication of thorough tests in other lab- 
oratories on canaries infected with’ P. cathemerium by the standard Roehl tech- 
nique (9). No beneficial effect at all could be noted. 


CONCLUSIONS 
The schizonticidal value of various extracts of the tropical plant Rauwolfia 
heterophylla has been tested on ducks infected with P. lophurae with completely 


negative results. 
The same tests have been applied to extracts of the common North American 


weed, Anthemis Cotula, also with negative results. 
Tests made in other laboratories on canaries infected with P. cathemerium 


with extracts of Pinckneya pubens have likewise yielded negative results. 
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FOUR ASCOSPORIC SPECIES OF ASPERGILLUS FOUND ON TEA 
LEAVES* 


By Ruts Euuis ALLEN 
Pxiates 68 and 69 


INTRODUCTION 


Collecting—After brewing a pot of tea, the writer carelessly left a used paper 
tea bag in the tea pot for about two weeks. At the end of that time the contents 
were discovered, and the bag was found to be supporting a vigorously growing 
fungal mat. The paper bag was carefully removed from the tea pot and was 
then taken to the laboratory for examination. Microscopic study revealed that 
a number of species of Aspergillus were present and that some of the species 
were accompanied by perithecia. 

The tea bag was torn open with sterile forceps and the leaves were 
then scattered over the surface of a Petri dish of nutrient agar. Pure cultures 
were obtained from the resulting growth. These cultures have been maintained 
in the laboratory since January 1942. 

Fresh tea bags of the same box, but which had not been used in brewing tea, 
were given identical treatment. Sterile forceps were used to tear open the bags, 
and their contents were sprinkled over nutrient agar in Petri dishes. The same 
dense clusters of various species of Aspergillus were formed again, thus eliminat- 
ing the possibility that the species present had merely accumulated in a dirty 
tea pot. 

Many conidial species of Aspergillus as well as Fungi Imperfecti appeared in 
the colonies, but these were discarded as the fruiting Aspergilli presented a 
problem in themselves. Four ascosporic species of Aspergillus were obtained 
from this phase of the experiment. 

Five months later six different brands of tea were purchased and given the 
same treatment described above. One of these brands of tea was the same 
as that used in the original work. From this experiment seventeen different 
species of Aspergillus were isolated. In this second series of isolations from tea, 
Aspergillus fischeri was not found. Three of the original four ascosporic species 
of Aspergillus were isolated again in this second experiment, and were found on 
the same brand of tea as in the original experiment. Two sclerotic forms of 
Aspergillus were found, and one species was found which produced sterile peri- 
thecia; that is, perithecia were formed which were normal in appearance, but 
were void of asci and ascospores. The non-ascosporic forms were studied 
microscopically but are not treated in this paper. 

Culture Technique—Original cultures were grown on nutrient agars Number 

* A thesis submitted to the Faculty of the University of North Carolina in partial fulfill- 
ment of the requirements for the degree of Master of Arts in the Department of Botany. 
Grateful acknowledgment is hereby made to Dr. John N. Couch, under whose direction 
this. thesis was conducted, to Dr. Kenneth B. Raper for final identification of species, and 
to Dr. W. C. Coker and Mrs. C. D. Beers. 
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230 and Number 5. Also, a tea agar was prepared and used for a short while. 
The Aspergilli studied grew fairly abundantly on the above mentioned agars. 
Later Czapek’s solution agar was prepared as directed by Thom and Church, 
and all observations have been made from cultures grown on this agar. All of 
the Aspergilli in this experiment grew and fruited abundantly on this medium. 
The formula for Czapek’s solution agar is as follows: 


i inutile waned antsg ates eh np Keen ae veat ead Skee mne Roma Nees whe 1,000 cc 
IN 5k san dn wane COVAER VE TORE FACE now divev de caca cerns 3.0 grams 
Potosi. measmate Cighi lle). o,- 9.5 5 > 62.0 dine cetncescsshecost ances 1.0 * 
NS oc Jay o «wile 45's sag sha cin ete eam ee aia’ > <a ee 
PIE ht ave cLrts cst sdce tidy ea Meee ei eneeee eorade os we” 
Weldoud salgbiile . FF Pe, ER al SH 0.01 “ 
Geemneta:. chk. adi.saued. ition alain. cevnel oom, 30.0 
Rs sinus tis «pa adagnt thas eoiturnthae*s oxst Som eeedtabood 16.0. 


Temperature Range—Cultures were grown at room temperature for a period 
lasting from January through July 1942. During this period, the room tempera- 
ture ranged from 70° to 85° F. No noticeable difference was observed in colony 
growth for the given temperature range. 

In order to identify A. fischeri it was necessary to study its growth habits at 
both high and low temperatures. Temperature control experiments were carried 
out for this species and are described in the general discussion. 

Culture Work—Cultures of all forms studied were grown in Petri dishes and 
test tubes. Throughout the entire experiment particular care was taken to 
prevent contamination from outside sources as well as controlling the fungi under 
study. Before any type of transfer work was made, nearby windows were closed 
and the laboratory table was washed with ninety-five per cent alcohol. Sterile 
instruments were used at all times and were flamed before and after using. 

Live mounts for microscopic study were prepared by using several different 
mounting solutions. Difficulty was met in preparing mounts of conidial heads 
which retained their conidia. This handicap was overcome somewhat by mount- 
ing young heads in liquid soap, two per cent formalin, or chrome-acetic acid. 
Each of these preparations gave satisfactory results. In all cases it was necessary 
to place the cover slip gently upon the mount. 

Live mounts of perfect fructifications and their contents were prepared by 
using water, liquid soap, or chrome-acetic acid as a mounting solution. Mounts 
in which chrome-acetic acid was used were easily made permanent by sealing the 
edges of the cover slip with a preparation of gum mastic and paraffine, and then 
allowing it to solidify in a small covered dish. The preparation was applied to the 
slide by means of heating a bent needle and applying it first to the sealing 
mixture and then to the edges of the cover slip of the prepared slide. This 
procedure was followed in preserving mounts of conidial and perithecial material. 


GENERAL DISCUSSION 
Aspergillus fischeri Wehmer. Centralb. f. Bakt., 2 abt., 18: 290-2, figs. 1-5. 
1907. 


Description of Species—Colonies on Czapek’s solution agar densely flocculent 
before formation of perithecia; entire hyphal mat white; perithecia developing 
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abundantly throughout colony, and at their maturity the vegetative mycelium 
subsiding noticeably and surface becoming closely and evenly covered with white 
perithecia which turn shiny cream color in age; reverse smoky rose-red; conidial 
heads short, usually radiate, less often columnar, blue-green, 48-60u wide by 
32.40u long (fig. 4); stalks averaging 178.20u, smooth-walled, often 1-2 septate, 
hyaline (fig. 1); sterigmata in 1 series, 5.0u long by 2.14u at widest point (figs. 
2 and 4); conidia 1.78-3.5u, round, smooth, hyaline under microscope, blue-green 
to dull green on agar, as culture matures conidia often barely visible over 
surface of dish (fig. 3); perithecia 350-400u, nearly round, white, changing to 
glistening cream in age, surrounded by weft of drying hyphae, wall 2-3 cells thick 
(fig. 9), composed of large cells, with 1-several oil globules in each cell (fig. 8); asci 
12.96-16.20u, mostly round, few with single point or mucro, 8-spored (figs. 5 
and 6); ascospores hyaline, round-ienticular, with 2 prominent equatorial crests, 
small crest at either end, central body spherical, 5-5.4u, whole spore including the 
two conspicuous frills 7.5-84; under low power secondary frills appearing as 
large spines (fig. 7). Occasionally the two convex sides of the ascospores are 
furnished with a few warts. Sterile strains isolated. 

From tea leaves scattered over surface of agar in Petri dishes; in culture 
since January 1942. 

Basis for Identification—A. fischeri is a member of the A. fumigatus group. 
One of the characteristics of this group as given by Thom and Church is its 
ability to grow at a wide range of temperatures. Since forms pathogenic to 
warm blooded animals are in this group, it is not surprising that these authors 
(1918) cite 37°C. or slightly higher as the optimum growing point. 

In order to determine the temperature latitude for the form on hand controlled 
experiments were run. Two cultures on Czapek’s solution agar were grown in 
a constant temperature chamber for thirty-eight days. Temperature during 
this period was 21° C. Both cultures made normal growth, except for slightly 
reduced amount of mycelium. Perithecia were numerous and were the usual 
white at first, later turning a creamy white. Conidia were blue-green and my- 
celium white, with no coloration to the agar. That is, the reverse side of the cul- 
tures bore no coloration whatever, contrary to the smoky rose-red reverse as 
reported above for other cultures of A. fischeri studied. 

As mentioned before, cultures made luxuriant growth at room temperature 
(70° to 85° F.) for a period of six months. 

In order to determine if the form on hand were truly thermophilic, five agar 
dishes were left in an electric oven for a period of twelve days. During this time 
the temperature ranged from 38° to 45° C. Colonies were examined at regular 
intervals during this period, and at all times abundant growth was encountered, 
with the usual conidial and perithecial stages present. A smoky rose-red reverse 
was present in these cultures. 

This Aspergillus most closely resembles A. fischeri Wehmer. Points used in 
identification have been found in Thom and Church, 1918 and 1926. Distinct 
variations from the descriptions as given by the above authors have been found 
in the present form and will be discussed herein. 

The most outstanding macroscopic variation between our strain of Aspergillus 
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fischeri and A. fumigatus as described by Thom and Church lies in the color of the 
colony. As characterized by these authors (1918) the colonies are green to dark 
green, becoming almost black in age. Colonies of the present form remain white 
or light creamin color. The only color imparted to the colony is that made by the 
very sparse number of blue-green to dull-green conidia. It may be noted here 
that the dusty-rose reverse is not considered in the same category with colony 
color. By colony color is meant color as viewed from the surface of the Petri 
dish or surface of the mycelial mat; whereas, reverse color refers to color imparted 
to the agar by chemicals evolved from the culture. Another variation lies in 
the extreme size of the perithecia of the present form. Perithecia sizes as given 
for A. fischeri are “up to 300u.”’ Perithecia in the form studied were found to 
range from 206u to 430u, averaging 325x. 

This culture was sent to Dr. Kenneth B. Raper in order to have its identifica- 
tion verified. The following is a quotation from his reply: ‘“The two cultures 
marked Aspergillus fumigatus—ascosporic are typical representatives of A. 
fischeri Wehmer. It is true that Drs. Thom and Church in their paper of 1918 
raised the question of whether A. fischeri represented anything more than an 
ascosporic form of A. fumigatus, or vice versa; but both types are isolated fre- 
quently from nature and they maintain their cultural characteristics so well 
that we believe we are warranted in maintaining two separate species. Actually, 
there are rather marked differences in coloration of conidial heads in most strains 
of fumigatus and fischeri, the former generally being much darker than the 
latter.” Until receipt of the above communication from Dr. Raper, the writer 
had concluded from available literature that A. fumigatus-ascosporic and A. 
fischeri were synonymous. 

It seemed of interest to determine if the present species were homothallic or 
heterothallic. In order to decide this question a number of single ascospore 
strains were isolated by the following methods. 

The first method employed in the attempt to isolate single ascospore strains 
was that of mashing a single perithecium in a drop of sterile water placed on a 
sterile glass slide. The resulting suspension was then carried through two suc- 
cessive drops of water on the same slide by means of a platinum loop. The 
motive here was to dilute the spore suspension. The platinum loop was then 
streaked across a Petri dish of Czapek’s agar. After a period of twenty-four 
to thirty-six hours the germinating spores were transferred to fresh agar plates 
by means of a sterile needle and the use of dissecting binoculars. By this method 
five sterile strains of Aspergillus fischeri were isolated. The use of the term 
“sterile strain’’ in this paper refers to those strains which produce conidia but no 
perithecia. 

The second method of obtaining single ascospore cultures was somewhat the 
same procedure as followed by Blakeslee (1920). A single perithecium is mashed 
in the manner described above, and a platinum loop of the resulting spore sus- 
pension is dipped into a sterile flask containing about 100 cc of water. In order 
to prepare these flasks for the experiment they were filled with the required 
amount of water, plugged with cotton, and then autoclaved. The flask is held 
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in a horizontal position while inserting the platinum loop containing the spore 
suspension. The flask is then shaken violently by hand to insure an even 
suspension. Then approximately 5 ce of the resulting spore suspension are 
poured into large-mouthed bottles containing warm, sterile agar. The bottles 
used were 10 inches in height and 4 inches in diameter and contained one-third 
of an inch of warm agar. Very quickly the spore suspension was allowed to cool 
by rolling the bottles rapidly under the cold-water tap. During this process 
bottles are held in a horizontal position and are plugged with sterile cotton. 
To insure an even spread of agar, it is important to cease the rotary movement of 
the bottle the moment solidification starts. After several days, colonies may be 
seen emerging at numerous points in the agar bottles. Hyphal strands may then 
be removed by the use of a platinum loop and placed in separate agar dishes. 
The six sterile colonies resulting from this procedure were assumed to be single 
spore cultures. 

The eleven sterile strains obtained from the two methods described above were 
all of the same macroscopic appearance and produced like conidiospores. 
Production of conidiospores was more numerous in these sterile strains than in 
the fertile strain. In the sterile strains ascogonial coils were formed and pro- 
liferated to such an extent as to be visible to the unaided eye. These large coils 
gave the same appearance to the monosporous or sterile cultures as did young 
perithecia in cultures made from many spores. However, the monosporous 
strains failed to produce asci, even after a period of several months. Failure 
to produce perithecia was the only macroscopic difference noted between the 
sterile and fertile strains, other than the larger number of conidiospores in the 
sterile strains. 

All possible crosses were made between the eleven sterile strains. That is, 
each one of the eleven strains was crossed with each of the others. These 
crosses were made in Petri dishes and Czapek’s agar was used as the culture 
medium. Small blocks of mycelium from each of the two strains concerned in 
the cross were placed on opposite sides of the Petri dish of agar. No perithecia 
were formed from the resulting growth in a single instance! That is, no peri- 
thecia were formed when the two colonies met in the center of the dish. 

A separate cross was made between each of the eleven sterile strains and the 
one fertile strain. When these sterile strains were placed on one side of an 
agar dish and a portion of the fertile strain on the other side of the dish, the 
growth which ensued yielded interesting results. A distinct line could be 
followed where the two strains met in the center of the agar dish. Perithecia 
formed along this distinct line were noticeably larger than those of the fruiting 
strain. They ranged from 602 to 688 in diameter! 

An understanding of the genetical, or perhaps physiological, phenomena as 
related above was not attempted by the author. However, an interesting field 
is hereby opened and may be worthy of future study. 

The only outstanding microscopic variation between the present form and 
A. fumigatus-ascosporic (Thom and Church, 1918) lies in the general form and 
structure of the ascospores. The ascospores of the form studied consist of a 
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central body 5 to 5.44, with two conspicuous equatorial frills, which when in- 
cluded in the spore measurements bring the total size of the ascospore to 7.5 
to 8u. The spores are biconvex and near the outer limit of each convex side a 
second frill is often visible. In A. fumigatus-ascosporic as given by Thom and 
Church “ascospores biconvex, 7 by 4u, consisting of a central body 5 by 4yu, with 
two frilled equatorial bands about I» in width and 3 to 4 similar but narrower 
and anastomosing bands on each convex surface suparating into 2 valves in 
germination.’’ The differences as seen here seem to be that in our form the 
spores are round in face view, whereas in A. fumigatus the spores are distinctly 
oval in face view, and there is apparently a variation or perhaps difference in 
interpretation of spore markings. 

In a discussion on the habit of A. fumigatus, Thom and Church (1918) list 
it as variable and widely distributed in soil and soil-contaminated substances, 
on forage, and on grain; and as a cause of aspergillosis in birds. In The Asper- 
gilli (Thom and Church, 1926) the following sentence is found: ‘“‘As an agent 
of disease, A. fumigatus is constantly encountered as a cause of lung lesions in 
birds, occasionally in man and other mammals, and has been reported occasion- 
ally from the human ear, but not definitely shown in skin lesions.” 

An interesting form is described by the above mentioned authors under the 
white-spored species. Eichelbaum (1906) described A. albidus, which in many 
characteristics is suggestive of the present form. The conidial apparatus was 
said by Eichelbaum to be the same as in A. candidus Link. In the A. candidus 
group as discussed by Thom and Church, the colonies are persistently white, or 
become cream or yellowish cream in age. This particular character is indeed 
typical of the present form. However, in A. candidus conidia are described as 
white, whereas in the form studied here the conidia are blue-green to dull-green. 
This difference may be accounted for by the fact that in many of the cultures 
studied the conidia were so sparse that they appeared void of any color whatever. 
This might easily have been the case in the species described by Eichelbaum, 
since he failed to cultivate his species after finding it on poorly dried tobacco. 

The outstanding objection to placing our form in the A. candidus group lies 
in the fact that in this group, sterigmata are typically in two series. This point 
is not mentioned by Eichelbaum. He merely states “‘Conidial apparatus is 
A. candidus Link.” 

The perithecia of A. albidus EKichelb. were apparently very much the same as 
in the form studied. As given by Eichelbaum (1906): ““Perithecia shining white 
on white mycelium with the same measurements as Eurotium herbariorum; asci 
comparatively persistent, nearly globose, 10u in diameter; ascospores smooth, 
white, hyaline, roundish ovate, 3 by 4u.” If markings on the ascospores were 
observed by Eichelbaum, they were not mentioned in his paper. As stated 
above, the perithecia of Eichelbaum’s species had the same measurements as the 
perithecia of Eurotium herbariorum (A. herbariorum). Measurements for £. 
herbariorum were found to be up to 250u, which is considerably smaller than those 
given for the form studied here. 














1944] Four Ascosporic SPECIES OF ASPERGILLUS 177 


Aspergillus chevalieri (Mangin) Thom & Church. The Aspergilli, p. 111. 
1926. 


‘ Description of Species—Colonies on Czapek’s solution agar somewhat scanty 
in production of vegetative mycelium; hyphal mat turning from green to chrome 
yellow as perithecia are formed, turning golden brown to ferrugineous in age; 
perithecia developed uniformly throughout colony; reverse dark brown; conidial 
heads globular, averaging 27.40 x 34.25u, blue-green turning brown in age (figs. 
11 and 15); stalks averaging 240y, septate, filled with protoplasm, brown under 
microscope, smooth-walled, often branching to give rise to secondary conidial 
stalks and heads (fig. 14); sterigmata 7.29-8.10n long, 1.944 at widest point, 
tapering at distal end (fig. 12), in one series, often germinating on stalk (fig. 10); 
conidia 3.57—7.1 x 4.6-8.4u, spherical to ovoid, verrucose, thick-walled, often 
showing point of attachment to adjoining conidium, pale green turning to golden 
brown in age (fig. 13); perithecia 97-113u, roughly round (fig. 18), light golden- 
green under microscope, chrome yellow under binoculars, turning golden brown 
in age and appearing as shining drops above hyphal mat, 1 cell in thickness, cells 
large and irregularly shaped, filled with protoplasm and numerous granules, some 
cells turning brown (fig. 20); few scattered, large, hyaline cells on outer surface 
of perithecia (fig. 19); asci averaging 8.10 x 11.34, irregularly shaped, 4- and 
8-spored (fig. 16); ascospores 4.28-4.64 x 3.21-3.57u, lenticular, with 2 plainly 
visible equatorial crests, smooth, greenish under microscope, thick-walled (fig. 
17). 

From tea leaves scattered over surface of agar in Petri dishes; in culture since 
January 1942. 

Basis for Identification—The clearly marked characters of this species made 
possible its identification as A. chevalieri. This species was first described by 
Mangin (1909) as Eurotium chevalieri, and was later placed with the Aspergilli 
by Thom and Church (1926). 

The species under study unquestionably belongs to the Aspergillus glaucus 
group. The following sentence is quoted from The Aspergilli (Thom and Church, 
1926): ‘In some species of the A. glaucus group, the colony color is at first green 
with the development of conidia, then predominantly yellow to ferrugineous 
from ripening perithecia.” 

In the A.\glaucus group there is a subdivision based on the size of the asco- 
spores. These groups are: ascospores large, more than 8 in long axis; asco- 
spores intermediate in size, 6x or more in long axis; and, ascospores less than 6u 
in long axis. The species on hand falls into the last group, since its ascospores 
measure 4.3—4.6u in long axis. In this last group there is only one species 
listed, A. chevalieri, which has ascospores with furrows and crests, and the meas- 
urements as given are 4.7 by 3.3y. 

In the original paper by Mangin (1909) there are drawings and also measure- 
ments of both conidia and ascospores. These drawings and measurements 
compare favorably with those made by the writer for this species. 
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Aspergillus minor (Mangin) Thom and Raper. USDA Misc. Pub. 426. 1941. 


Description of Species—Colonies on Czapek’s solution agar somewhat dense 
and only slightly flocculent; hyphal mat at first greenish yellow, then creamy 
buff in young stages, turning brownish-orange then mahogany to purplish brown 
in age with margin of colony a light buff or yellow, entire colony with a decidedly 
velvety appearance; perithecia numerous throughout colony; reverse side yellow 
then light brown to dark mahogany-brown in age; conidial heads radiate to fan- 
shaped, 54.8 x 68.5y, tan (figs. 21 and 22); stalks 300—785u, smooth, septate, 
hyaline, often branched to give rise to secondary conidial heads (fig. 23); sterig- 
mata in 1 series, very numerous and crowded on unbranched stalks to few on 
secondary branches, clavate, 9.28-10.71 x 3.57-4.48y, often germinating on head 
(fig. 24); conidia pale blue-green, 5.00—-7.14 x 8.57—11.62y, spherical to pyriform, 
distinctly verrucose, points of attachment often conspicuous at one end (fig. 25); 
perithecia 100-135u, few round but majority papillate or irregularly shaped, 
yellow in youth and turning to brownish-tan in age (fig. 28); cells of perithecia 
large and irregularly shaped, one cell in thickness (fig. 29); large flask-shaped 
cells radiating from vicinity of perithecia (fig. 30); asci 10.00-12.75 x 12.75- 
16.42y, irregularly shaped (fig. 26); ascospores 4.28-5.00 x 5.71-7.14u, smooth, 
slightly furrowed, elliptic with small depression at each end caused by furrow, 
hyaline, thick-walled (fig. 27). 

From tea leaves scattered over surface of agar in Petri dishes; in culture since 
January 1942. 

Basis for Identification—A tentative identification of this species with the 
A. glaucus group was established by use of the group keys by Thom and Church 
(1926). Subdivision of the A. glaucus group is based on the size of the asco- 
spores, as stated above. According to this key the present form should be placed 
in the second division; that is, ascospores intermediate in size, 6% or more in 
long axis. In this group the accepted species is A. herbariorum series minor 
(Mangin) Thom and Church. The present form does not agree with this “‘series”’ 
in several respects. It differs from A. herbariorum series minor in colony color. 
As given by Mangin (1909) and later by Thom and Church (1926), the colony 
color for this ‘‘series” is from white to ashy green, to greenish black in age. The 
colony color in our form is at first greenish yellow, then creamy buff in young 
stages, turning brownish-orange then mahogany to purplish brown in age. 

This species was identified by the author as A. herbariorum series major var. 
violaceum. However, a letter from Dr. Kenneth B. Raper contained this quota- 
tion: “The culture labeled Aspergillus herbariorum ser. major var. violaceum 
represents a strain of Aspergillus minor (Mangin) Thom and Raper as this species 
is considered in The Aspergillus glaucus Group by Dr. Thom and me, a reprint of 
which paper I am enclosing. This form appears to lie somewhere near the 
borderline between A. minor and A. ruber, but I believe it should be considered 
as representing the former species.”” It may be stated here that in the paper by 
Thom and Raper (1941) A. minor is used synonymously with Eurotium herbari- 
orum ser. minor. 
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Aspergillus repens (Cda.) DeBary. Abhandl.d. Senckenberg. Naturf. Gesell- 
sch. 7: 379. 1870. 


Description of Species—Colonies on Czapek’s solution agar thick and flocculent; 
hyphal mat light green, turning light olive-green to brown in extreme age; con- 
cretions often abundant along hyphae and green or brownish crystals conspicuous 
on prepared slides; perithecia formed profusely along hyphal threads throughout 
colony; reverse without coloration for several weeks (except for yellow color of 
mat, eventually turning yellow to brown in age; stalks 342-528y, smooth, often 
conspicuously non-septate, many very short stalks (56.70.) found, often branching 
in a verticillate fashion with 3-6 secondary stalks (Fig. 32), sterigmata dumb-bell- 
shaped, 12.96u long by 4.86u at the widest point (Fig. 33), ultimate heads 68.5 
x 48.0u (Fig. 31); conidia mostly spherical to elliptical, minutely to distinctly 
echinulate, thick-walled, often with conspicuous points of attachment at one 
end, at first white then blue-green to dull-green in color, 4.86—7.31 x 6.48-9.72y 
(Fig. 34); perithecia 48.60-105.30 x 48.60—113.40,, light green in youth, turning 
yellow in age, mostly round but often irregularly shaped (Fig. 37); cells of peri- 
thecium large, irregular in shape, hyaline (Fig. 40) ; large irregularly shaped cells 
in vicinity of perithecia (Figs. 35 and 36); numerous ascogonial coils but peri- 
thecia extremely slow in production of asci and ascospores; asci 9.72—11.34 x 
11.34-12.96y4, wall apparently breaking down before ascospores fully mature, 
8-spored (Fig. 38); ascospores 5.0-5.71u, hyaline, thick-walled, smooth, round to 
ovoid with occasional slight furrows (Fig. 39). 

From tea leaves scattered over surface of agar in Petri dishes; in culture since 
January 1942. 

Basis for Identification—The identification of this mold was delayed by the 
peculiar verticillate branching of many of the conidiophores. In view of the 
fact that this verticillate or whorled type of growth habit has been almost totally 
neglected in literature on Aspergillus, it seemed possible that this mold might 
belong to some other genus. Included in the discussion of the A. glaucus 
group in The Aspergilli (pp. 102-103) is the following statement: “‘sterigmata 
in one series, usually fairly large, and often loosely clustered and in many strains 
occasionally proliferating to become short secondary stalks with small heads.” 
Perhaps this statement was meant to describe the condition illustrated in Figure 
32 of this paper. 

In a paper by Dale (1909) on the morphology and cytology of A. repens the 
following paragraph is found: “I also grew A. repens on pure agar-agar, to test 
the effects of starvation upon its development. It grew very slowly and only 
formed small colourless plants, which however produced both conidia and peri- 
thecia. The conidiophores were small and branched. Some were compound, 
others«:so small and simple that each bore only one or two conidia.” This 
reference mentions the small and branched conidiophores, but it leads one to 
believe that this condition is typical only’ in cultures grown in a starvation 
medium. 

The first clue to the identification of this mold was found in the USDA Miscel- 
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aneous Publication No. 426 entitled The Aspergillus glaucus Group (Thom and 
Raper, 1941). An excellent illustration of ascospores is found on page 10 of this 
paper, and it was here that a spore was illustrated which greatly resembled the 
form under observation. Further study indicated that this mold was A. repens 
(Cda.) De Bary. 

The synonymy of A. repens is still a matter for debate. In the paper by 
Bainier and Sartory (1912), two ascosporic varieties of Aspergillus scheelet are 
presented. Thom and Church (1926) call attention to the incorrect heading of 
“variety B,” and suggest under a discussion of A. scheelei var. B that: “The form 
described was close to if not identical with A. amstelodami of Mangin.” Thom 
and Raper (1941) list the two varieties of A. scheelei as synonyms of A. repens. 
In the plates of the paper by Bainier and Sartory (1912) there is considerable 
difference in both the conidial and ascospore drawings of the two varieties; also 
verbal differences may be found in the discussion. Perhaps this A. scheelei var. B 
Bainier and Sartory is A. amstelodami, as suggested by Thom and Church. 


SUMMARY 


Four ascosporic species of Aspergillus were isolated from tea leaves and were 
maintained in pure culture on a variety of media and studied in the laboratory. 
The four forms have been identified as Aspergillus fischeri Wehmer, A. chevalieri 
(Mangin) Thom and Church, A. minor (Mangin) Thom and Raper, and A. 
repens (Cda.) De Bary. 

Eleven single spores of A. fischeri were isolated. These yielded cultures which 
produced abundant conidia but failed to form perithecia. All possible crosses 
were made with each of the eleven strains but no perithecia were produced in any 
instance. A separate cross was made with each of the eleven sterile strains and 
the original fertile strain. In all these cases extremely large perithecia, about 
twice the normal size, were formed, presumably on the original strain, in a dis- 
tinct line where the two strains met in the agar dish. 
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EXPLANATION OF PLATES 


(Att Figures Drawn WITH THE Arp or Camera Lucipa) 


PLATE 68 
Aspergillus fischeri (1-9) 


. Young conidial stalks showing absence of conspicuous foot cell. 
. Sterigma and-two conidia. 795 
. Conidia. 795 

. Conidial head. 350 

. Young ascus. X795 

. Mature ascus. 1840 

. Mature ascospores. 1587 

. Wall cells of perithecium. 795 
. Perithecia. 57 


Aspergillus chevalieri (10-20) 


. Conidiophore showing germinating sterigmata. 350 
. Conidiophore showing foot cell. 350 
. Sterigma. X795 

. Conidia. 1587 

. Branching conidiophore. 350 

. Conidial head. 350 

. Asci, 4- and 8-spored. 795 

. Ascospores. 1587 

. Perithecium. 350 

. Cells in vicinity of perithecium. X795 
. Cells of perithecial wall. 795 


PLATE 69 
Aspergillus minor (21-30) 


. Conidial head. 350 

. Conidiophore showing foot cell. 300 
. Branched conidiophore. X350 

. Sterigma and young conidium. X795 

. Conidia. 1587 

. Ascus. 795 

. Ascospores. X1587 

. Perithecium. 350 

. Cells of perithecial wall. 795 

. Cells in vicinity of perithecium. 350 


Aspergillus repens (31-40) 


. Conidial head. 700 

. Whorled conidial head. 350 

. Sterigma and young conidium. 1587 

. Conidia. 1587 

. Large hyphal cell. 350 

. Large intercalary cell. 350 

. Perithecium. X327 

. Eight young ascospores (no ascus wall). 795 
. Ascospores. 1587 

. Cells of perithecial wall. 795 
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AN EVALUATION OF THE ARTESIAN HYPOTHESIS OF ORIGIN OF 
THE CAROLINA BAYS 


By Joun C. McCAMPBELL 


The Carolina Bays, the unique oval depressions occurring on the Coastal Plain 
of the Carolinas and Georgia, have been the subject of study for several years. 
As a result of this work a large number of greatly different hypotheses of origin 
has been proposed. One of these is that which attributes the origin of the bays 
to the work of artesian waters. Because of several unexplained points in con- 
nection with this hypothesis, this mode of occurrence is found, on strict examina- 
tion to be unacceptable. This paper concerns itself with pointing out the weak- 
nesses in and evaluating this hypothesis. 

D. W. Johnson! who proposed the artesian phase or hypothesis of the formation 
of the Carolina Bays states his hypothesis as follows: “‘Artesian springs, rising 
through moving ground water and operating in part by solution, produced broad 
shallow basins occupied by lakes about the margins of which beach ridges were 
formed by wave action and dune ridges by wind action.” 

Johnson was, therefore, of the opinion that the bays were formed as the result 
of the release at the surface of considerable amounts of artesian waters through 
an extremely great number of springs. The mechanics of this and of the enlarge- 
ment of the bays is somewhat as follows. The “cap-rock”’ or impervious layer 
covering an aquifer somehow developed an opening through which copious quan- 
tities of water flowed. As the flow continued, the openings were made larger 
and were shaped into an elliptical outline. The flowing waters moved into the 
sands above, developing them into ‘“quicksands.”” The upward moving waters 
were thought to have carried outward from the scene of upflow a great amount 
of the sandy material, thereby producing a depression at the surface where 
slumping took place to fill in the space vacated by the eroded sand. The rims 
surrounding the bays were thought to have been developed by a combination of 
water currents in the lake and wind currents on the surface from the materials 
that were removed from within the bay areas. 

The unique orientation of the bays, averaging approximately N45°W was 
thought by Johnson to have been produced and controlled by the dip of the sub- 
surface formations which underlie the Coastal Plain. From this, one is to assume 
that the lengthening of the bays took place in an up dip direction by erosion of 
the opening in the ‘“‘cap-rock”’ overlying the aquifer. Consequently, any varia- 
tions in the direction of the dip of the subsurface formations should be strongly 
reflected in variations of orientation of the bays. On examination, we find that 
the bays which occur to the north and south of the Hatteras axis, an area where 
subsurface dips must be quite variable, exhibit no marked change in alignment. 

The degree of slope or inclination of the land surface upon which the bays are 
formed should exert some influences in the alignment of the axes of the bays. 


1 Johnson, D.W. The Origin of the Carolina Bays, New York, Columbia U. Press, 1942. 
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The bays, however, are to be found scattered over the Coastal Plain in such a 
fashion that they occur on each of the Coastal Plain terraces. In many instances 
they over-lap both of two adjacent terraces where obviously the surface slope is 
anything but uniform. Such occurrences should impose some restriction upon 
bay formation if the erosion and removal of some of the sands by flowing waters 
was the instrumental factor. Normally, along a line extending from the North- 
western to the Southeastern corner of the bay country and paralleling the direc- 
tion of elongation of the bays, we should expect that the bays on the various ter- 
races would show some variations in their features. Yet, at any particular point 
along the section they seem to show no such variations when compared with bays 
at other points along the same section. 

It would seem from the consideration of the dip of the subsurface strata and 
of the variations in the continuity of the slope of the surface of the Coastal Plain 
that the absences of variations in the nature and configuration of the bays place 
an undue strain upon the artesian hypothesis. 

The source of supply of the necessarily large volume of water that must have 
been poured out by so many springs should also be considered. Nowhere today 
in the Coastal Plain is there an unusually high pressure or large volume of water 
known. And, in spite of Johnson’s statement? that “‘. ..a little consideration 
will assure us that shallow artesian waters must have been more abundant in the 
past...” there seems little factual evidence that proves there were such waters 
in great abundance in existence at any time. 

The dispersal of such waters, if they existed, must have been through channels 
cut in the surface of the Coastal Plain. The channels should, today, be found 
leading from the bays towards the sea. They must have come into existence 
soon after the bay-forming springs began to flow. These streams then would be 
consequent streams. The channels should, by all rights, be parallel to the major 
present day drainage channels since they are consequent streams formed upon 
the same surface immediately after the uplift of that surface from below sea level. 
And, from the manner in which the bays are supposed to have been lengthened, 
the channels leading from the bays properly should flow in a direction paralleling 
the direction of lengthening. Thus, we would expect to find that the outlets from 
the bays, where such are evidenced, lead from the southeastern end. Strict 
examination brings to light the fact that such outlets are by no means the most 
common. In most instances the sides of the bays rather than the ends are 
breached by stream channels. It is difficult to understand, then, how the bays 
were elongated by the erosive action of these streams flowing out of the sides of 
the depressions. 

A most interesting feature in connection with the study of the bays is that of 
their distribution with regard to the distribution and development of the drainage 
pattern of the Coastal Plain. The bays are to be found with essentially the same 
degree of development in areas of poor drainage as well as in areas of better drain- 
age. The western margin of the Coastal Plain, where drainage is good, possesses 
bays essentially of the same size and orientation that are possessed by areas 


2 Johnson, D. W. Ibid. 
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nearer the sea where drainage is exceptionally poor and swamps are prevalent. 
It would seem that if the bays were the result of the erosion produced by artesian 
waters flowing from springs, there would be a marked variation to be found where 
different degrees of drainage are developed. Or, conversely, where the bays are 
of practically the same development, the drainage development should be mark- 
edly similar. 

The possibility of control being exerted by the terraces of the Coastal Plain 
upon the distribution and orientation of the bays has been considered. Because 
of the numerous terraces present in North Carolina, for example, we might rea- 
sonably expect that the bays would be distributed in some fashion dependent, 
to a degree, upon the trend of the terraces. If such were the case, the bays would 
occur in zones extending in a NE-SW direction, following the trend of the ter- 
races. The bays, however, are found distributed over most of the Coastal Plain 
and without regard to zones or to the terraces. 

In no way does it seem necessary for the bays to have been formed from lakes, 
as Johnson has suggested. The occurrence of a lake in the depressions seems 
secondary to the formation of the bays. As an evidence of this, the fact that two 
large depressions in Bladen County, North Carolina, White Lake and Sessoms 
Bay, show no differences in their degree of development. Yet, if the lake stage 
was a necessary stage in the cycle of development, White Lake should show evi- 
dences of being in a more youthful stage than Sessoms Bay which is now muck- 
filled and, comparatively, should be considered as being older. The absence of 
any apparent differences in the degree of development between lake and marsh- 
filled bays indicates that for the depressions to be water-filled is without signifi- 
cance when considering the origin of the bays. 

Johnson has failed to provide an explanation of the restriction of the bays to 
their present region of development. To say that other bay areas may exist 
but as yet they have not been discovered because of inadequate observations, is 
hardly grounds for explaining their absence from well known areas. Modern 
airplane surveying of wide areas of the United States has, in recent years, uncov- 
ered no additional representatives of the bays than those previously known in the 
Atlantic Coastal Plain. 

The absence of bays from the Coastal Plain region of North America and of 
the world where conditions favorable for bay formation may well exist places an 
undue requirement upon the hypothesis. 

No explanation has yet been given to account for the absence of structures 
similar to the bays from other well known areas of artesian activity, a fact which 
seems extremely significant. 
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BOOKS FROM CHAPEL HILL 


THE BOLETACEAE OF NORTH CAROLINA. By Witttam CuHAm- 
BERS COKER AND ALMA HOLLAND BeEERs. ‘This study is based on notes 
and photographs taken by the senior author over a period of about forty 
years. For a good many years both authors have worked on the group 
and have made many collections. While most of the work has been done 
in Orange County and in the Blue Ridge and Alleghany Mountains of 
North Carolina, many specimens have been collected in South Carolina 
and Georgia. While the title covers only North Carolina, this work in- 
cludes all except the few species reported from the neighboring states of 
Virginia, South Carolina, Georgia, and Alabama of which examples have 
not been available or that have been reduced to synonomy with species 
included. 


There are described under the genus Boletus sixty-eight species and six 
varieties. Of these, three species and four varieties are described as new 
Four species of Boletinus and one of Strobilomyces are also included. 
Twenty species are illustrated in color and nearly all of the others by 
halftone photographs. 


There are 96 pages of text; 6 colored plates; 55 halftone plates; and 5 
plates of line drawings showing microscopic details. $7.00. 


GROWING PASTURES IN THE SOUTH. By J. F. Comss. Better 
pastures and grazing lands in the South will aid greatly in bringing about a 
more profitable and enduring type of agriculture, and will help to overcome 
the disastrous one-crop system of many southern communities. This book 
is not only an attempt to create greater interest in pasture improvement; 
it also furnishes the farmer and cattleman with detailed and practical in- 
formation on how to develop pasture areas into profitable grazing lands; 
it contains enough technical information to make it useful as a text. Mr. 
Combs is a pasture crop specialist who for seventeen years has been Agri- 
cultural Extension Agent for the United States Department of Agriculture 
and A. &. M. College of Texas. Seventy-eight illustrations, nine tables. 
About 280 pages. Size 53” x 83”. $2.00. 


PRACTICAL FARMING FOR THE SOUTH. By Benjamin F. But- 
tock. A useful guide to practical farming, containing step-by-step direc- 
tions for performing all necessary tasks on the small farm. Of especial 
value to rural teachers and leaders, vocational agricultural students, 4-H 
club members, small farmers, part-time or subsistence farmers, and to 
any others who are directly concerned with the problems of increased food 
production and of achieving a more abundant farm life. February, 1944. 
$2.50. 
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